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ABSTRACT 
The necessity for a micropalaeontological examination of the 
lower Senonian chalk of southern England was established during 
the site investigation of the Thames Barrier, which Is founded 
on chalk of the Micraster zones. 
There has been a large amount of detailed stratigraphic 
and micropalaeontological research carried out on the Late 
Cretaceous deposits of Europe, and this provides a historical 
framework onto which the present research is placed. 
Samples from three of the Thames Barrier boreholes were 
studied initially to provide an Indication of the microfauna and 
it's stratigraphic setting. This was followed by the collection and 
examination of a further seven sections from the Micraster zones 
of Rowe (1900-1 ~08). The localities selected give a geographical 
coverage of most of southern England. Single samples from three 
other localities have also been included. 
The microfauna observed shows a trend of Increasing diversity 
from the base of the Coniacian through into the Santonian. One 
hundred and twenty seven taxa have been described, the majority 
for the first time from the Engl ish succession, and this includes 
twenty taxa which have no previous recorded descriptions. 
The trend of increasing faunal diversity noted, makes the 
establishment of a zonation possible, based on the appearances 
and extinctions of twenty-five benthonic foraminiferal taxa. This 
zonation, when applied to all the sections studied, allows a 
correlation across the whole of southern England. 
• XVI 
.. 
XVII 
Lower Senonian foraminiferal faunas reported from the rest 
of Europe have been compared with those recorded in this country. 
Not only does this present a large amount of stratigraphic data, 
but It also gives an indication of the palaeogeographic setting of 
the region during the Late Cretaceous. 
INTRODUCTION 
Micropalaeontology hllS been a valuable tool of the applied geologi~t 
over approximately sixty years, and this has been well illustrated in 
those areas of the world where financial support for research has been 
forth-coming from the industrial sector. During the last two decades 
the expansion of applied geology in and around the United Kingdom, as 
part of the exploration for energy resources, has hinhlighted our 
limited knowlec..lge of Upper Cretaceous stratigraphy. 
Since the early part of the 19605 therefore, there has been ::l 
rapid growth of interest in all aspects of the English Chalk, including 
a large amount of micropalaeontological investigation. Will iams -
Mitchell (1948) was the fi·rst person to indicate the direction further 
research might take, when he outlined a broad foraminiferal zonation 
for the Upper Cretaceous of England. The detailed study of the total 
microfaunal assemblage at specific stratigl'aphic levels did not com-
mence however until 1962, when Jefferies made a complete analysis of 
the palaeontology and stra tigraphy of the t\ctinocamax .E.!..£.t1~ Subzone. 
This included a study of the foraminiferal content. 
By 1964/65 research had been stimulated further by the micro-
palaeontological studies of the Channel Tunnel Site Investigation. This 
\ 
resulted in the formulation of a foraminiferal zonation of the Albian and 
Cenomanian Stages by D. J. Carter, the micropalaeontologist involved 
in the investigation. This work was followed up by that of Hart, who 
completed the analysis of the microfauna of these stages in south western 
England in 1970. 
In the same year, Owen completed his research on the Foramin-
iferida of the Turonian, extending the detai led foraminiferal zonation 
~ stage further. 
The lower Senonian, however, remained unexarnined, a 
situation which waS illustrated when D. J. Carter and M. B. Hart 
carried out 0 microfaunal correlation of the boreholes drilled 
during the Thames Barrier Site Investigation at Woolwich (see 
Hart and Carter 1975, Carter and Hart, in press A). 
This investigation indicated that faunal changes could be 
Identified in this part of the Chalk succession, arid that a more 
detai led study might yield a viable micropolaeontological zonation. 
This proved to be the foundation of the present work, which is an 
attempt to erect a zonal scheme for the lower Senonian of southern 
England. 
During the course of this study, it was found that the benthonic 
foraminiferal popUlation provided the most dependable stratigraphic 
indicators. Thus a zonal analysis evolved using this part of the 
fauna. The planktonic foraminifera were also examined, th~se 
providing much additional information, both stratigraphic and 
taxonomic. Elements of this group were employed in the correlation 
of the English sequence with the world planktonic foraminiferal 
zonation (van Hinte 1976). 
Comparative studies were sought in other parts of Europe, as 
published information on the English fauna was restricted to that of 
Barnard and Banner (1953), Barnard (1958, 1962, 1963, 1973) and 
Barr (1962). The work of Brotzen (1934 - 1940) was found to be 
invaluable, as his investigations in southern Scandinavia yielded 
many of the original descri~tions of the fauna encountered in this 
country. Other major contributions, such as those of Franke (1925, 
1928) worldng in northern Germany, Marie (1941 ~xameningthe Upper 
Chalk of the Paris Basin, and Vasilenko (1961) investigating the 
microfauna of the Mangyschlak Peninsula in southern Russia, all 
proved to be valuable in building up an overall picture of the fauna 
and its geographical associations. 
I 
..... 
More recently, work by Porthault (1970, 197L:L Koch (1973) and 
Norl ing (1973) have continued to provide useful sections for comparison 
with the British succession. 
In order to analyse this stratigraphic level in southern England, 
ten major sections have been studied, and in addition, numerous 
individual samples have been used for comparison. This has resulted 
in the examination of over 51W samples, from which all the data given 
in this workarederived. 
One hundred and thirty different species and varictip.s of FOl"am-, 
inifera have been described, although only twenty-five of these have 
been used in defining the zonal !:>chcme. Twenty species were encount-
ered for the first time and a large number of th~ r'emainder are dcs-
cribed fully for the first time from this country. 
The general aspect of the fauna is one of a gradually expanding 
as'semblage, with a uniform increase in diversity. Several species are 
notably long-ranging and these are present from the Cenomanian through 
the Senonian, under one trivial name or another. However, from the 
base of the Coniacian the faunal diversity increases with a development 
of the Cassidul inacea and Buliminacea. It is members of these super-
famil ies, along wi th Lhe Orbi toidacea which provide the basic frame-
work of the zona I scheme. 
This zonation has been applied to each of the sections studied and 
a successful correlation has been established between them. It is 
believed that it may also be applied to other sections In southern England 
with the same degr'ce of succes!:>. Thus, the lower Senonian has been 
examined and a zonal scheme established for the southern part of the 
country. 
· Material from further north, around Yorkshil"<:: and Lincolnshire 
has not baen studied, apart from a few samples, although a corl'elation 
is thought possible. 
The suggested zonation has been extended stratigraphically as high 
as the Lower Santonian, and the fauna by this level has become quite 
distinct from that seen at the base of the section. It is believed that 
with further work, the scheme could be continued to higher levels along 
the I incs indicated by Wi II iams - Mi tchell in 1948. 
The Upper Cretaceous succession is important economically, both 
in the fields of oil exploration and civil engineering. Thus a full under-
standing of the microfauna is an esselltial tool in the long term invest-
igation of the chalk. We still do not fully comprehend numerous aspects 
of this unique period in stratigraphic hi~tory, and it is hoped thut this 
wor-k might provide a little of the information required in the solving of 
a few of the prob I ems. 
--- -~------~ 
OJ 
CHAPTER 1. 
HISTORY OF PREVIOUS RESEARCH. 
During the last one hundred and fifty years there has been a con-
tinual flow of research directed towards the overall biostratigraphy 
of the Upper Cretaceous. This flow has varied in strength at times, 
mainly dependant on tho personalities involved, and their individual 
motivations. Their work has c~ntinued to incr!!ase our lJnder~tar.ding , 
of the complexi ties of Chalk strtl tigraphy, depo~i tional cnvir'onments 
nnd ~ub~equent diagenesis, but one thing is clear, our under~tunding 
is far from complete. 
The present chapter has been divided into three sections concerned 
with stratigraphy, lithology and micropalaeontology of the Chalk, each 
discussing the relevant works which have been used in the present 
study. Obviously overlaps occur between all three sections, and 
these wi II be referred to in each section as necessary. 
Attention is particularly drawn to the sole previous attempt to define 
a micropalaeontological zonation for the Upper Cretaceous of southern 
England. This was the work of Williams-Mitchell (1948), which laid 
down the foundation for a firm foraminiferal zonation, a foundation 
which has only more recently been built upon. 
1: 1 Stra ti graph~ 
The sub-division of the English Chalk has long been founded on 
lithological units', commencing with William Smith's three-fold division 
of the Upper Cretaceous of southern England into iile Gaul t, Greensand 
and Chalk. Working concurrently with Smith, and publishing early notes 
on the Engl ish succctisiorl wer'e Mantell (1819, 1833), Daniell (1 at 8) 
Fitton (1024, 1836) and Woodward (1833). 
These men along with several others provided the early stimulus 
to the work carried out by the early members of the Geological Survey • 
. 
Notable among lhese were Bristow (1862) and Whitaker, who produced 
several important papers concerning the chalk of the southern England 
coast (1865, 1871 a-c), which sub-divided it into seven lithological units. 
Evans (1870) is also notable, as his was the first attempt to use fossil 
zones in order to correlate separate chalk sections in this country. 
Whilst this work was being continued as part of the geological 
mapping of southern England by the Survey, geologists in France 'vvere 
unknowingly establ ishing the basis for future international Upper Cret-
aceous str:-atigraphy. In northern Aquitaine the succession present in 
the areas of Dordogne and Charente were studied for the first time by 
d'Archiac (1836), who based his e~rly stratigraphy, like his Engl ish 
contemporaries, mainly on lithological features. Work in this nrea was 
continued by Coquand (1856), who establ ished a nomenclatural frame-
work based on the divisions of d'Archiac. 
Coquand totally revised his own work in 1858 in his definitive work 
on the department of Charente, in which classic biostratigraphical 
methods were used. He stressed "the uti lisa tion of palaeontological 
criteria to replace the mineralogical and lithological criteria used 
previously" along with "the adoption of one special and univocal name. 
for each of the stages defined". It is al59 interesting to note that 
Coquand recognised the synchronism of the latest Cretaceous beds 
("Chalk beds") of Aquitainc and the chalks of Meudon and Maastricht. 
Thus tho "Stages" referred to as the Coniacian, Santonian, and 
Campanian were established, although debate continued as the validity 
of these names (Arnaud' 1878), finally reducing them to substages 
(Gignoux 1926) by equating them with the Senonian stage erected by 
A.lcide d'Orbigny in 1842. 
The early work of d'Orbigny in the use of palaeontologic.al zones 
cannot be underestimated, especially in conjunction with his study of 
the microfauna of the Paris Basin (18l~0), which establ ished many of 
the species names found in the present study. These investigations 
were complemented, during the period 1858 to 1875, by a whole series 
of papers written by Hebert (1863, 1866, 1872, 1875) examining the 
Upper Cretaceous deposits of the Paris Basin. His division of the 
Senonian into distinct palaeontological zones is still the same as that 
used at present. This work was expanded across the English Channel 
by Heuert (1874), at first on a limited basis, and then more ambitiously 
by Barrois (1875, 1876) who attempted, quite successfully, to estab-
lish a biostratigraphy for the Upper Cretaceous of southern England. 
Minor disagreements occurred following thi!:; work, when the 
palaeontological criteria were adopted by the members of the Geologic~1 
Survey. Fortunately the major work on the Chalk was continued by 
Jukes - Browne and W. Hill who, using the zones outlined by H~bert, 
finalised a vast amount of research with the production of liThe Cret-
aceous Rocks of Britain", which ran to three volumes between 1900 
and 1904. The third volume, describing the Upper Chalk summarises 
most of the knowledge available at that time with regard to the British 
succession and it represents a milestone in English stratigraphy. 
Working at the same time as Jukes-Browne and Hi 11, were two 
stratigraphers of a more amateur status, although t~eir work cannot 
be considered as such. Arthur Rowe publ ished his first important con-
tribution, discLlssing the echinoid genus Micraster, in 1899. This waS, 
rapidly followed by a succession of five major I'egional works (1900-
1908) jointly titled liThe zones of the White Chalk of the English Coastll. 
· These represent a tremendous amount of detailed field w(,rk, and 
it is clear that although Rowe states that lithological markers arc not. 
valid in the division of palaeontological zones, he uses them to great 
effect wherever possible. Thus approximate junctions for fossi I zones 
can be recognised in the field on the basis of easily identifiable lith-
ological horizons. It is this ease of recognition which pr'ompted the 
present author to use certain of Rowe Is m<:lrker hori zons, in a number 
of localities, as an aid to detailed sampling. 
Brydone also devoted most of his free time to field work, visiting 
every chalk outcrop noted on the 6" series maps of Hampshire, and 
compiling his notes to produce liThe Stratigraphy of the Chalk of 
Hants ll in 1912. This was rapidl y followed by two more papers (1913, 
1914) devoted to the Offester'pi IIu la Zone in southern England. 
With the completion of the works listed by these three men, Jukes-
Browne, Rowe and Brydone, along with contributions made by a few . 
others such as Strahan (1091, 1896), Cretaceous stratigraphy in this 
country was considered to be fairly well established and research con-
tinued on a much reduced scale. Gaster completed an extensive study 
of the Chalk of SU5se>{ between 1921~ and 1951, and Osborne-White con-
tinued the work of the Geological Survey. The memoirs he produced on 
the Isle of Wight (1921) and the country around Dover (1928) are con-
sidered to be largely a revision of Rowe's work with few new contri-' 
butiol1s. 
There followed a long period of almost forty years, during which 
little research was directed towards the Cretaceous stra tigraphy of 
this country, a gap which was to finally close during~ the eal"ly 19605 
with the advent of I'enewed interest i.n the Chalk. 
· It was acknowledged that mlJch of the work complp.ted nt the be-
ginning of this century was in need of revision, and the first step was 
that of Jefferies in his work on the Stratigraphy of the Actinocamax 
plenus Subzone (1962, 1963). 
Kennedy (1969, 1970) did much to analyse the stratigraphy of the 
Late Albian and Cenomanian of southern England, and Peake and 
Hancock examined the Chalk of Norfolk (1961 J 1970). Hancock has con-
tinued to produce interesting accounts of the Upper Chalk succession 
of this country, although both his work and that of Kennedy, has be-
come directed towards the petrography and lithogenesis of the 
sediment rather than the stratigraphy. 
Detailed stratigraphical work has continued in northern Germany 
(Ernst 1970, Ernst et al 1974) and to a lesser extent in southern 
Scandinavia (Christiensen 1975, Bergstrom et ai, 1973) and it would 
appear that British stratigraphy now seems inclined towards macro-
faunal zonutions established in these arcas, rather than the original 
French localities. This is .understandable when the poor quality of 
some of the French sections is considered. However, in 1972 
Mme. Scronie - Vivien fully redescribed the stratotypes and these 
Stages are sti II accepted as the Interna tional standard correia tion. 
Any European zonation must, for ~he present, equate with them. 
This guideline has been followed by the Geological Society of 
London working party on the CI'etaceous (Casey et ai, in press), 
which after much discussion finally adopted the zonation shown in 
Fig. 1. 1. Further discussion regarding this work, is made in the chap-
ter discussing the stratigraphic conclusions of the present study. 
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1.: 2 Lithology and Petrography. 
Initial interest in Chalk petrography in this country was shown 
by Sorby (1861) in his discussion of "so-called 'crystalloids' ", which 
are now recognised as Coccoliths. Other than this, little work was 
published in the nineteenth century apart from Janet's (1891) note on 
the conditions of chalk deposition, this in turn was followed by similar 
work done by Grossouvre (1914). 
The British also entered the debate concerning the depositionnl 
history of chalk, as Jukes- Br'owne and Hill (1904) devoted considerable 
discussion to features such as water depth and organic composition •. 
In 1889 they also presented a paper concerning the presence of colloidal 
silica in the Lower Chalk. As with stratigraphical research little work 
was done following the 1904 publ ication, al though Tarr (1925) seems 
to suggest that most of the calcium carbonate present in chalk is in-
organic, thus disproving the older ideas of chalk being a foraminiferal 
ooze, even though his own ideas have been corrected since. 
The present phase of interest in the Chalk commenced wi th the 
work of Black (1953, 1965) and Black and Barnes (1959), investi-
gations into the true nature of the Chalk as a mass of Cocco I i th debris. 
The majority of the works which followed were devoted to the miner-
alogy and diagenesis of the sediment and these included Bromley (1965, 
1967, 1968) and Kennedy and Garrison (1975 a,b) with discussions 
about chalk hard-grounds, Jeans (1967) and Weir and Catt (1965) on 
the mineralogy of chalk, and Wolfe (1968), Hancock and Kennedy (1967), 
Kennedy and Juignet (1974) and Scholle (1974) and the ultrastructure 
. , 
and lithification of various Upper Cretaceous deposits. 
- These, in conjunction with work done on the continent by 
Neugebauer (1973, 1974) and Hakansson, Bromley and Perch-Nielsen 
(1974), and in connection with North Sea exploration (Hancock and 
Scholle 19'75), have led to a vastly improved understanding of the origin 
of chalk and all its related phenomena, although many of the ideas voiced 
recently are still in need of much attention. 
1: 3 Micropalaeontology. 
At the beginning of the nineteenth century mention of Cretaceous 
foraminifera was made by Lamark (1004, 1806) and Ni Isson (1827), but 
these comments are of minor importance when compared with those of 
two men, Alcide dlOrbigny and Alfred Reuss. 
The former catalogued many of the important stratigraphic markers 
in his work on the foraminifera of the Paris Basin (18 /!O), and his notes 
on Cuban material (1839) are also useful. Reuss, working in Germany 
and Central Europe, commenced his work on the Cretaceous with a 
major two part account of the Chalk fauna of Bohemia (10 /!5, 18/~6), in 
which well over a hundred foraminiferal species were noted, the major-
ity for the first time. Even though the diagrams in these two volumes 
are often poor for original figures, the sheer quanti ty of material 
studied gives them a position of prime importance in any discussion 
of Cretaceous foraminifera. He produceq numerous other works of 
note (1851, 1054, 1055, 1060, 1862, 1863, 18<56, 1874} which accounted 
for many of the type descriptions of foraminiferal species found in the 
Upper Cretaceous of North Western Europe. Elsewhere on the conti-, 
nent, sporadic papers of importance were publ ished including those 
of Ehrenberg (1838, 1854), Marsson (t 878), Beissel (1891) and Egger' 
'(1899). 
· Up to the turn of the century little microfauna: research had been 
, 
carried'outin this country, what there was had been done in the main 
by Jones (1882) and Parker and Jones (1872). The latter was the more 
important of the two, as the former is merely a catalogue of Chalk 
foraminifera with no descriptions or discussion. Another important 
worker was Chapman, whose main interest was a description of Albian 
and Cenomian assemblages although he did describe the Upper Chalk 
faunas of Taplow (1892) and Swanscombe (1894), which bear some 
re,levance to the present study. 
Wright (1086), describing the microfauna of the Northern Ireland 
succession, lists many useful species from the Senonian despite the 
inconsistency of lithology in the region. Apart from these four men 
only Jukes - Browne and Hi II (1904) note the presence of foraminifera 
in the English Chalk, and even then, no use was made of them strati-
graphically. 
Rowe, although his principal work was devoted to the macrofauna 
and stratigraphy of the Chalk, did in the course of his study, gather 
together a vast collection of Foraminifera. This is now housed in the 
British Museum (Natural History) and the preservation and condition 
of much of it is r·emarkable. Unfortunately many of the sl ides remain 
unnamed, and the location and stratigraphic position for some spec-
mens are difficult to determine. 
Most of the European foraminiferal work for the Upper Cretaceous 
has been dominated by a number of major papers, which, in discussing 
the whole fauna, have taken on the proportions of monographs. These 
include the work of Franke (1925,1928), Brotzen (1936) Marie (1941) 
and Vasi lenko (1954, 1961). 
Brotzen is possibly the most important author of this group, for 
when his 1936 work is combined with his publications of 1934, 1942 
and 19L~5 his contribution to the present field of study is extremely 
significant. 
In the U. S. A. the work of J. A. Cushman and his associates of 
the Cushman Laboratory for foraminiferal research, stimulated by 
the incre;).sing demands of the oil exploration industry, documented 
much of the fauna present on the we~tern side of the Atlantic. Their 
aim between 1920 and 1950 appears to have been to produce a taxonomy 
which was stratigraphically viable, which is an essential to any de-
tailed foraminiferal investigation. 
In 1948 investigations into the possibility of British oil fields, led 
to the production of a work entitled liThe Zonal Value of Foraminifera 
in the Chalk of Englandll by Williams - Mitchell. Using borehole samp'les 
he tended to ignore palaeontological information in the interest of main-
taining stratigraphic clarity. Choosing well-documented species, he 
compared borehole assemblages with those found in samples taken 
from established surface exposures, of known stratigr"aphic level. 
This was a prel iminary study which called for a more detai led investi-
gation, unfortunately this was not immediately forthcoming. 
The results which Williams-Mitchell summarised in the form of 
a ,zonal tnble, have been found to hold true on r1umerous occasions, 
and the ranges he illustrated closely correlate with those found else-
where in southern England. Any future work on foraminiferal zonation 
in this country, mLlst take careful note of this early example of zonal 
analysis. The figures and species descriptions may be poor, but the 
zonation is good and easily applied. 
Work continued in this cOL:ntry with that of Barnard a"d Banner 
(t 953), on the arenaceous Foraminifera, which has proved to be use-
ful taxonomically, as is the later work of Barnard (1950, 1962,1963; 
1972). This was complemented in a stratigraphic discussion of the 
planktor:lic Foraminifera by Barr (t 962), who also went on to describe 
the fauna of an isolated pocket of Senonian chalk in southern Ireland 
(1966). 
Both papers have proved useful for' comparison with the details of 
th<:: present study. 
Concurrently with this, work in Germany by Hiltermann (1952), 
Hil tcrmann and Koch (1956, 1962) and Koch (1973), has produced a 
benthonic foraminiferal zonation, which can be usefully applied in this 
country. Hofkers work from the same area (1956, 1957) is important 
although often confusing, as his diagrams arc poor and his taxonomy 
is often difficult to follow. Other European research workers have also 
provided more pecent publications which have been valuable in the 
present study, these include Goel (1 965), TrUmper (1968) and 
Porthault (1970, 1974), the first two writing solely about benthonic 
forms. 
The completion of the Treatise on Invertebrate Paleontology. Part 
C. - Protista by Loebl ich and Tappan (1964) has formed the base of 
most of the foraminiferal investigations carried out since. Amendments 
to this work have been suggested, particularly with regard to the tax-
onomy of the Globigerinac~a, (Pessagno'1967), but this is inevitable in 
an~1 field of r-esearch. 
Detailed studies of the planktonic foraminifer~ arc numerous due 
to their stratigraphic value on a global scale. Those of Bolli (1951, 
1957), B~nner and Blow (1959), and Pessagno (1967) are selected 
examples from a much longer I ist, which is discussed within the 
S~/stematic Micropalaeontology. Bandy (1967) summarised the strati-
graphic value of many of the planktonic species from the Cr~taceous, 
as well as illustrating possible evolutionary I ineages through this 
period. A further useful summary is tha t of van Hinte (1969), one of 
the many papers to arise out of the International Planl<tonic Confer-
ences, the Geneva volume being of notable interest to Cretaceous foram-
iniferal research. 
A passing note is also made to the work of Clarke and Verdier on 
the microplankton of the Chalk of the Isle of Wight (1967), as the strati-
graphic discussion and description of the sections studied are relevant 
to the present study. 
More recently a review of the present state of Cretaceous "micro-
faunal research in southern England, has been produced by Hart and 
Carter (1975). This summarises the state of knowledge well and they 
note that work on the Upper Chalk is still much in progress. 
1: 4 Summary. 
An enormous amount of literature has been produced on Upper Cret-
. 
aceous stratigraphy and more directly, on the Foraminifera used to 
correlate successions both on a regional and interregional basis. The 
overall approach of detailed chronostratigraphy is only just having a 
marked affect on the Cretaceous, in the I ight of deep Sea dri II ing 
carried out in the ocean basins. This approach is expertly summarised 
by van Hinte (1976), in a work which should provide the foundation for 
most of the investigations still to be carried out. 
CHAPTER 2. 
SAMPLE COLLECTION AND ANALYSIS. 
2: 1 Introduction. 
Several accounts have been written as foraminiferal studies from 
the Chalk of this country, which have included comments on the col-
lection and preparation of samples. Williams - Mitchell (1948), Barr 
(1962), Owen (1970) and Hart (1970, 1973) all give some indication of 
the techniques employed during their work, and it is clear that although 
the end results may be similar, the means used to obtain tho:::;c results 
depend largely on the particular work concerned and the individual 
worker. 
The Chalk shows considerable lithological variation, poth verti-
cally and geographically. Because of this, processing methods may 
vary correspondingly, in relation to the stratigraphic horizon under 
examin·ation. In the present study the variations encountered are mainly 
a result of the diagenetic history of the sediment rather than its primary 
mineralogy, and the techniques used tend to be a reflection of the hard-
ness caused by this history. 
2: 2 Sample collection. 
In defining the limi ts of the sections to be collected, the Micraster 
zones were used as a rough guidel inc. The most comprehensive pub-
lished description of these zones is still that given by Rowe (1900-1908), 
and more recent publ ications (Barr 1962, Clarke and Verdier 1967) tend 
to follow the boundaries which he suggested. His use of plainly visible, 
lithological marker horizons to indicate the upper and lower limits of 
the macrofaunal zones, acts as a fr'amewor'k upon which detailed 
sampl ing may be based. 
------.-----.---------'-Q1 
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. These I ithologic3.1 boundaries are accepted simply as a guide and 
imperfections in their stratigraphic positioning are acknowledged. In 
fact an error in the upper limit of one of the sections studied, and 
therefore in that of the Micraster corang:.Jinum Zone, is postulated in 
the light of results from the present study. 
The zonal I imits indicated by Rowe have been followed on several 
major sections, although care has been taken to sample both above 
and below the Micraster zones, as he defined them. Thereby reducing 
the margin of error in correlation between sections. 
The majority of the successions examined were massive, open . 
cliff sections, which demanded continuous sampling at regular intervals. 
A spacing of 1 metre was therefore selected as the most practicable 
under the circumstances, although this gap was reduced to 0.5 metres 
at critical levels and even down to 0.25 metres in one or two specific 
instances. Anything less than that was considered to be within the 
range of bioturbation (Berger and Heath, 1968), and the r'esul ts obtained 
therefore suspect. In the sections taken in Norfolk and at Quidhampton 
the interval was increased to 2 metres, and these localities have been 
used mainly for comparison with the more complete coastal outcrops. 
This use of a regular sampling interval equute~ well with that 
found in the borehole sections fr'om the Thames Barrier Site Investi-
gation. This consisted of a series of drill holes across und on, both 
bunks of the River Thames at Woolwich (Carter & Hart, in press A). 
Material from several of the cores were examined in the initial stages 
of this proj~ct, as samples from the cores were already processed. 
It therefore provided much of the early data, which were then used in 
the selection of further sites for investigation. 
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The samples taken fur this study were in the fc.,"m of fresh blocks, 
weighing between 0.5 to 1 kilogram, and selected from as narrow a 
stratigraphic thickness as could be physically achieved, normQlly 8 to 
10 centimetres. Loose and down washed debris was clean~d off prior 
to packing, and each of the samples were carefully labelled, both in 
the sample bag and in a field note book to provide a cross-reference. 
M.:lterial was also collected from marl seams, incipient hardgrounds 
and in the form of soft meal from the cores of cavernous fl ints. Bec.:luse 
of their peculiar preservation, these spot samples often yieldecl useful 
information for comparison with the continuous chalk section. The sign-
Ificance of some of these samples is discussed in a further section, 
primarily concerned with the affects of preservation on the results 
obtained. 
Throughout the field work notes were made on the macrofaunal 
elements found in the course of close lithological examination. Examples 
of the fossils found were collected and details of the horizons at which 
they were located were taken for reference. 
2: 3 Processing Methods 
Much of the chalk collected in the course of this work has proved 
to be so hard that chemical methods of disaggregation have been unsuc-
cessful. 
Initially, the procedure outlined by Owen (1970) was adopted, using 
hydrogen peroxide solution, in which small lumps of the sample were 
boiled for a considerable length of time. This proved to have little effect 
until it was adapted in the later stages of the research. 
Small lumps, approx:mately one or two centimetres cubed, were 
first thoroughly dried in a warm oven over a period of days. Whilst 
they were still wurm, a concentrated 1-l0% solution of hydrogen peroxide 
was poured over them, and if necessary they were boiled for a short 
period. This had the effect of breaking down the outer surfaces of the 
pieces of chalk, so that when this fine material \-vas removed, the sample 
could be redried and the whole process repeated, until enough residue 
was obtained to provide a reasonable fauna. 
For the most part however, purE::I~' physical techiques were used, 
similar to those described by Williams - Mitchell (1948). The basic 
method was as follows:-
a) the fresh sample was,broken into small lumps, as in the 
previous method. It was then thoroughly soaked in water, 
often for a period of LIp to twenty-four hours. 
b} The chalk was carefully crushed with u cast iron mor-tar 
and pestle, taking great care to ensure that the residue 
was not broken down excessively. 
c} This residue was then washed through a 7S micron sieve 
to remove the fine material. Following this it was 
agitated in an electric mixer for u. very short time, with 
the addition of a high grade detergent, such as Deeon 90, 
to remove fine debris adhering to specimenp. 
d) The sample was again washed through the 7S micron 
sieve, emptied into a basin and finally dried in a warm 
oven. 
At each stage of t:.is procedure extreme care was taken to ensure 
that all the equipment was cleaned, thus cutting down the risk of con-
tamination between samples. It is also worth noting that the present 
samples were the only material being processed in the laboratory, at 
anyone time. This In an attempt to minimise any contamination. 
As a result of the hardness of some of the chalk studied, thin 
sections were cut to give some indication of the fauna. This method has 
its value in the identification of planktonic foraminifera, although the 
majority of the assemblage can only be identified at a generic or even 
family level. 
2: 4 Sample examination and Assemblage counts. 
The dry residue was firs"! sieved through a series of standard size 
meshes, measuring 1.7 milimetres, 500, 250 and 100 microns, the finest 
material being retained in a basal sieve pan, each size fraction was then 
examined, along the lines indicated by Hart (1970, 1973). 
For the residue greater than 500 microns in size, a complete faun~1 
list was compiled. This procedure was repeated for the material pres-
ent in the 180 micron sieve and the base. These latter two units form 
what has been referred to as the fine fraction. The fauna present in the 
250 micron sieve was accounted for in one of two ways. 
a} A total count of approximately 400 specimens was made, 
mounting each of them onto a gummed microfaunal slide, 
allowing for later reference and detailed examination. 
A faunal list was compiled indicating the total number 
of each species pf'esent. 
b) A faunal count wa~; carried out using a dilta sheet pre-
pared for this study. This count was normally continued 
until over 750 specimens had been noted and identified. 
Specimens of particular interest were extracted fr'om the 
sample was stored on single or mUltiple celled micro-
faunal slides. 
One of these two methods has been used for each of the samples 
studied, including individual spot samples taken for comparison. After 
each count the sample underwent a further lengthy examination to en-
sure that no other species, unaccounted for in the faunal list, were 
present. 
It is this 250 micron size faunal count which has been used in tho 
numerical and graphical analysis of the sample.s. The reason for the 
isolation of this group has been noted on several occasions, (Hart 1973, 
Bailey 1975, Hart and Carter 1975) and stems from the belief that the 
adult stages of the majority of the foraminiferal species noted in this 
stu"dY occur within this size fraction. 
Serious attention has been given to those species which only occur 
in the finer fractions of the residue. Several of these are extremely 
significant stratigraphically, which has led to a careful examination of 
this material, even though a numerical analysis was not carried out. 
Throughout this study recognition and limited identification of the 
ostracoda and elements of the macrofauna was made. Changes in the 
r-esidual mineralogy were also noted as these often yielded information 
of a general value, and at timeshad a palaeoecological significance. 
2: 5 Analysis nnd Presentation of dC'lta. 
Having compiled species counts in absolute numberc, the results 
were then recalculated to give the relative proportions of different 
species. These were given in the form of a percentage of the total foram-
inifera I assemblage. 
The results obtained were then considered in a number of different 
ways, in order to find the most convenient method of illustrating them. 
a) Planktonic - Benthonic ratio. The grnphical representation of the 
membcr'G of the superfamily Globigcrinacea as a proportion of the foram-
iniferal assemblage has been much discussed, since its conception by 
Grimsdale and Morkhoven (1955). They outl ined this ratio as a principle 
by which the depth of ancient seas could be calculated. Barr (1962) 
attempted to apply this method dir(>ctly to the Upper Chalk of the 
Isle of Wight. 
The results he obtained are interesting, but the present author feels 
that they could equally well reflect the type of samples collected, and 
the processing they required, rather than the depth of the Chalk sea. 
The same sort of comment may be levelled at the work of Flexer and 
Starinsky (1970), similar to that of Barr, examining the late Cretaceous 
chalks of northern Israel. 
Doubts are therefore expressed regarding the use of this ratio, 
although other more stratigraphic applications are acknowledged. Hart, 
. on several occasions (1973, 1975), has i l.Iustrated its value in the dis-
cussion of the mid-Cenomanian transgression of this country. He has 
also commented on its use "in the interpretation of Cretaceous palaeo-
current, palaeotemperature and palaeolatitude data" (Hart and Carter 
1975). 
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The planktonic/benthonic ratio hns had some I imi ted va lue as part. 
of the present study (Bailey 1975), and is therefore retained as part of 
the graphical illustrations. The reservation is expressed however, that 
lithologicnl variations at specific horizons may nffect the proportion of 
planktonic foraminifera to a limited extent. Thus only the general trends 
of this ratio are viewed with any degree of certainty. 
b) Stratigraphic range charts and relative proportions. 
The relative proportions of different species, expressed as percentages 
of the total assemblage, were illustrated in various ways, in the early 
part of this study. The majority of the more elaborate figures have since 
been discarded, as they were often difficul t to construct. They a I so 
failed to clarify the results any better than the Simpler methods finally 
used. 
Superfamily percentage graphs, -such as that figured by Hart and 
Carter (1975, text-fig. 6), give only broad and gener'al information. For 
thi~ reason, as the present work is seeking a more detailed zonation, 
this form of graph has not been used. When this form of graph Is applied 
at the species level, and i Jlustrated as a cumulative frequency polygon, 
it was found that the stratigraphically important, minor species could 
not be represented clearly enough. This is also the criticism of the 
form of relative percentage graphs used by Burnaby (1962) and Jefferies 
(1962). 
Finally, the basic range chart proved its lasting value by clearly 
illustrating the zonation adopted in the present study. However, this 
was adapted by the addition of lhe relative proportion information, in 
the form of a histogram of variable width. 
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The width of the bar is proportional to the percentage of ~he repr't7-
sented species, within the total fauna of the sample. This mode of 
illustration has been of value on numerous occasions. Distinct trends 
within the relative proportions of individual species have been noted 
in the correlation of quite distant sections. 
The basic form of range char't has been used for its spedes 
identified in the fine fractions, where these forms have been found to 
be useful as stratigraphic markers. 
c) Assemblage zones. The zonal s~heme finally adopted is based solely 
on the distribution of the benthonic foraminiferal fauna present in the' 
succession studied. Theoretically this would appear to restrict Its use 
to one of simple regional corr.elation. However, it is pointed out that 
many of the stratigraphically important groups in this part of the Uppel" 
Cretaceous members of the genera Stensioina Brotzen Gavelinella , 
Brotzen, Neoflabellina Bartenstein and Reussella Galloway, have geo-
graphical distributions covering much of northwestern Europe. The 
Same groups have also been fully described as far south as the eastern 
coast of the Caspian Sea (Vasi lenko 1961). 
The details of the proposed zonation arc given in the early part of 
Chapter 5, and thus provide the basic framework for the stratigraphy 
of the individual sections described. 
d) Planktonic foraminiferal zonation. The proportion of planktonic 
foraminifera in the lower Senonian of southern England is relatively 
small, although enough exist to pr'ovide an indication of lhe stratigraphic 
posl tion of the sections studied. 
The planktonic/benthonic ratio hus hud some limited value as part, 
of the present study (Bailey 1975), und is therefore retained as part of 
the graphical illustrations. The reservation is expressed however, tha t 
lithological variations at specific horizons may affect the proportion of 
planktonic foraminifera to a limited extent. Thus only the general trends 
of this ratio are viewed with any degree of certainty. 
b} Stratigraphic range charts and relntive proportions. 
The relative proportions of different species, expressed as percentages 
of the total assemblage, were illustrated in various ways, in the early 
part of this study. The majority of the more elaborate figures have since 
been discarded, as they were often difficult to construct. They also 
failed to clarify the results any better than the simpler methods finally 
used. 
Superfamily percentage graphs, such as that figured by Hart and 
Carter (1975, text-fig. 6), give only broad and genepal information. For 
this reason, as the present work is seeking a more detailed zonation, 
this form of graph has not been used. When this form of graph is applied 
at the species level, and illustrated as a cumulative frequency polygon, 
It was found that the stratigraphically important, minor species could 
not be represented clearly enough. This is also the criticism of the 
form of relative percentuge graphs used by Burnaby (1962) and Jefferies 
(1962). 
Finally, the basic range chart proved its lasting value by clearly 
Illustrating the zonation adopted in the present study. However, this 
was adapted by the addition of the relative proportion information, in 
the form of a histogram of variable width. 
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The width of the bar is proportional to the percentage of ~he repl''7-
sented species, within the total fauna of the sample. This mode of 
illustration has been of value on numerous occasions. Distinct trends 
within the relative proportions of individual species have been noted 
in the correlation of quite distant sections. 
The basic form of range chart has been used for its species 
identified in the fine fractions, where these forms have been found to 
be useful as stratigraphic markers. 
c) Assemblage zones. The zonal st;heme finally adopted is based solely 
on the distribution of the benthonic foraminiferal fauna present in the' 
succession studied. Theoretically this would appear to restrict its use 
to one of simple regional corr.elation. However, it is pointed out that 
many of the stratigraphically important groups in this part of the Upper 
Cretaceous, members of the genera Stensioina Brotzen ~~velineJla 
Brotzen, Neoflabell inn. Bartenstein and Reussella Ga Iloway, have geo-
graphical distributions covering much of northwestern Europe. The 
same groups have also been fully described as far south as the eastern 
coast of the Caspian Sea (Vasi lenko 1961). 
The details of the proposed zonation are given in the early part of 
Chapter 5, and thus provide the basic framework for the stratigraphy 
of the individual sections described. 
d) Planktonic foraminiferal zonation. The proportion of planktonic 
foraminifera jn the lower Senonian of southern England is relatively 
small, although enough exist to pl~ovide an indication of the stratigraphic 
position of the sections studied. 
The vertical distribution of the plar.ktonic specie~ described is 
discussed fully in Chapter 5, indicating the zonal value of each species. 
The sporadic occurrence of important species such as Globotruncana 
renzi (Gandolft)and Globotruncan~ concavata Brotzen, is also discussed 
in the I ight of the work of Bolli (t 959), Pcssagno (1967) and van Hinte 
(1 976). 
2: 6 Microphotography and the Scanning Electron Microscope. 
The use of the scanning electron microscope in Micropalaeontology 
has developed over the last decade, and is now wei I establ ished. Like 
the processing of the original samples" the methods used to mount speci-
mens for examination appear to be largely dependant on the individual 
carrying out the task. 
It is for this reason that the method evolved during the course of 
this study is related here. In order that any future micropalaeontologist 
may avoid the mistakes made by the present author. The machine used 
throughout was the Cambridge 54-10 model, housed at the Royal Naval 
Engineering College, Plymouth. TIlis was ideal for the work required. 
The specially machined stubs used in this microscope were initially 
coated with double sided sellotape, and the specimens were, in turn, 
mounted onto this. The upper surface of the stub was then given a thin 
coating of gold, applied under a high vacuum. The recently developed 
"sputtering" technique, under a partial atmosphere of argon, was foun'd 
o 
to give the best resul ts, leaving a thin veneer of 100 - 150 A thickness. 
Double sided sellotape was not considered to be the most success-
ful base on which a continuous gold coat could be deposited, and an 
alternative was sought. Finch (1974) suggested the use of a black 
sealing wax, markeled as Apit.:zon W40, as a mounting rnedium. 
, I 
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. This too was rej€"cted as the wax had to be kept warm whilst the 
specimens were mounted, which is almost a practicable impossibility. 
It was also difficult to remove from perforate specimens after use, 
even with the addition of xylene as a solvent. 
Finally the method of mounting specimens directly onto the stub, 
using "Kodaflat" gum, was acknowledged as being the easiest and rllost 
pr'actical. This, in conjunction with the "sputterer" as a method of 
coating, was quite successful. Following this procedure the gold 
coating was continuous from specimen to stub surface and therefore n'o 
unwanted "charging" effl~cts were created. 
In order to photograph the specimen with its true dimensions the 
stub was posi tioned horizonta.lly in the micr'oscope chamber, instead of 
the more usual setting of 450 used for other work. This occasionally 
created a IIshadowing" effect on a number of the more globular species, 
which was overcome by varying the voltage slightly, as the photog,aph 
was taken. 
Despite the versatility and depth of focus achieved with a scanning 
electron microscope, the results obtained, with regard to some species 
of Foraminifera, are sti II not idea I. These species are identified by 
internal characters, such as the chamber arrangement. This type of 
feature is not available to a microscope which is only able to exhibit 
surface form and texture. For this reason, some group:3 have been 
illustrated with line drawings in the text, as well as being figured in 
the photographic plates. 
• I 
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CHAPTER 3. 
DESCRIPTION OF LeCALITIES 
The Micraster zones of southern England are well exposed in 
numerolls places along the Channel coastline, and there are also many 
documented inland sections. Both types of exposure are described 
fully in Jukes - Browne and Hi II (1904), and there are several later 
regional guides, including those of Osborne-White (1921,1920) and 
Peake and Hancock (1961 J 1970). Apart from these,and the extensive 
work of Rowe (1900-1908) J which has already been discussed, there 
is a marked lack of dctai led local ity descriptions. 
In a study which is intended to examine the lower Senonian Chalk 
of southern England, the I ist of local i ties which may be collected is, 
theoretically, quite extensive. It soon becomes apparent however, that 
a number of physical constraints are imposed on anyone wishing to 
sample this particular stratigraphic lovel. 
The chalk of the Micraster cortestudinarium Zone has often been 
noted for its' hard, nodular appearance, principally caused by the 
presence of numerous indurated, incipient hardgrounds. It is because 
of this, and tho relatively softer character of the chalk immediately 
above and below it, that this zone often forms prominent coastal head-
lands. These, 'by nature, are often almost inaccessible,a problem 
typified by Ballard Point, at the north~rn end of Swanage Bay, and 
also by both tho eustern and western extremities of the Isle of Wight. 
The appearance of the nodular member of the pair is typically 
that of an incipient hardground (Kennedy and Garrison 1975). The 
limits 'of the bed are difficul t tc..1 define as both horizons have been 
intenselybioturbated, prior to lithification and following the initial 
formation of the nodular fabric. Within this alternating system of 
incipient hardgrounds and soft white chalk, marl seams occur, along 
with thin,impersistant tabular fl ints and scattered nodular fl ints , the 
latter occasionally occurring as discernabl e burrow infi II ings. 
Approximately 25 metres above the base of the section there is 
a prominent yellow horizon, selected by Rowe (1900) as the junction 
between the M. cortestudinarium and M. coranguinum Zones. Rowe 
also notes the presence of a distinct tabular flint, his "Micraster 
coranguinum tabular", 4 metres above the zonal boundary. This 
flint is of particular note, as it appears to be a little more consistant 
than the tabulars lower in the section. It is also unusual in that it 
truncates a number of large nodular flints, which occur in the bed 
immediately below it. 
Above this marker the chalk apparently becomes "purer ll , as the 
nodular horizons, typical of the lower part of the section are absent. 
The succession was sampled for a further 16 metres, to the top of 
Langdon stairs, In order to provide a good overlap with the next 
accessible part of the section, at St. Margaret's Bay (TR 368 44/1). 
The M. coranguinum Zone is fully exposed in the high cliffs on 
the north eastern side of the bay, a point noted by Osborne - White 
(1928). He suggested that this zone had a thickness in excess of 
270 feet (02. 35m), which is considered as a sl ight eXager'a tion as 
the cliffs at this locality have a maximum height of 257 feet (78.4m). 
-: 
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The hardness of the Chalk in the south western part of the 
country is also a limiting factor in the choice of sites for a micro-
palaeontological investigation. Several good exposures on the 
Dorset coastline have been so affected by structural deformation, 
that the processing techniques required destroy the total micro-
fauna. 
There are other problems encountered, including the infi II ing 
Qf old quarry sections, access to.working quarries, and also two 
sections in restricted areas. For example,Arish Mell lies within 
a Royal Artillery firing range. All these limitations reduce the 
number of exposures which it is feasible to examine. 
The successi ons used il} the present study are bel ieved to be 
representative of southern England. They have a wide geographical 
distribution, from Norfolk to Devon, and include major sections 
from south east Kent and the Isle of Wight. 
The type of succession sampled is also variable. There are 
five coastal cliff sections, two of which ape combinations of a 
number of smaller sequences. The samples from the Thames 
Barrier Site Investigation have been selected from three of the 
more important boreholes, and three quarries have been examined, 
one of which was sti II being worked. 
Individual samples, not Included in the sections described, 
have been used as comparative material from other areaS. These 
. 
have included Essex and Taplow in England, northern France and 
the island of Bornholm, Denmark. Material from the last two areaS was 
I 
I 
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collected by Dr. M. B. Hart, with the aid of a Scientific Investigation 
Grant provided by the Royal Society. 
A lithological description of each of the sections studied 
follows: 
3: 1 Sou th east Kent. 
The lower Senonian chait< of south cast Kent forms the renowned 
"white cliffs" between Dover and Walmer, and also around the southern 
and eastern side of the Isle of Thanet. The total thickness of the 
sequence studied in this area was 92 metres, although this over-
lapped across both the upper and lower limits of the Micraster zones. 
The thicknesses of the M. cortestudinarium Zone and the M:. 
coranguinum Zone are recorded as 25.4 metres and 
63 metres respectively, assessments which closely agree with those 
of Kennedy and Garrison (1975). 
The cI iffs of this coastl ine attain a maximum height of 76 metres 
at St. Margaret's 8ay, where the M. coranguinum Zone is present 
in one vertical section (Text PI. 1A), due to the sub-horizontal 
nature of the bedding. Access is difficult along this open cliff line 
and this in turn creates problems in correlating a complete section. 
The dip of the bedding, around this coast, is rarely in excess 
of eight degrees. Therefore, by taldng a series of overlapping sections 
• 
and correlating between them, a composite succession may be drawn 
up. Seven sections were sampled and in all; one hundred and fifteen 
samples were collected and examined in compi I ing this sequence. 
The lowest part of the succession is exposed in the sidewall 
of the zig-zag path, known as Langdon stairs (TR 346425), to the 
east of Dover Harbour. The path tal<es the form of six obi ique levels 
which cut across the face of the cl iff. Thus, by working up the pa th, 
samples can be taken regularly in the vet'tical southern faces. 
The base of the present section was taken at the nodular hard-
ground, present at the junction of the fifth and sixth levels of the 
path descending from the top of the cliff. Below this, much of the 
section is obscured by downfallen and overgrown debris, and further 
sampl ing would have been inaccurate. The base of the M. cortestudinarium 
Zone also falls in the vicinity of this junction (Rowe 1900, Osborne -
White 1928), and it was at this level that Owen (1970) terminated 
his sampl ing of the Dover section, in his investigation of Turonian 
Foraminiferida. 
The basal horizon Is a yellowish - brown, nodular chalk, with 
pale creamy biomicritic nodules, surrounded by a greyer, marly 
calcarenite matrix. A few small flints are scattered through the unit. 
This is followed by a more uniform bed of creamy white chalk, approx-
imately 0.5 metres thick, with common marl dissolution seams. The 
two differing horizons for'm a distinct lithological pair which occur 
regularly, and almost r'hythmically, for the next 16 metres, and then 
more irregularly for the following 12 metres. 
A full collection of this zone was only achieved by traversing the 
four kilometres between St. Mdrgaret's and Oldstairs Bay (TR 381 483), 
a section which is quite dangerous at any time after low tide. Small 
scale faults, with a throw of a few metres and low angle joints, such 
as those noted by Hancock (1976), occur' along this algal covered 
section. However, with care, regular sampling was possible, through 
the 40 metres of the available succession. 
This section reaches to "Bedwell's columnar fl int", wl,ich is 
exposed in the small cliff behind the rifle range at Oldstairs Bay. 
Between this and the IIcoranguinum tabular" there are few useful 
I ithological marker horizons. The chalk, where It is cleaned by wave 
action, is a pure white biomicrite, with distinct grey, marly horizons, 
normally seen as a complex mass of dissolution seams. There are also 
a few creamy-yellow horizons, which are possibly poorly developed 
nodular chalks, in association with flaser bedded marl bands. 
Occasionally there is clear evidence of bioturbation, where an 
intermixing of white chalk and grey marlier sediment is present. 
Burrow flints, as described by Kennedy and Juignet (1974), are also 
common as distinctive horizons. Nodular flints are scattered through-
out this section, although they arc more restricted to specific levels, 
forming narrow fl int bands. 
IIBedwell's columnar flint" is a peculiar lithological feature 
which is easily recognised and therefore a useful marker horizon. 
It is formed by a horizontal band of large nodular flints, occasionally 
forming "columns" which rise vertically into the chalk above for over 
half a metre. 
At this locality the higher part of the sequence is inaccessible, due 
to the nature of the cliffs, and, to the north, blown sand covering most 
of the section. 
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lA The Chalk cl iffs of St. Margarets' Bay. S. E Kent. 
A 70-80 metre high face, exposing the total thickness 
of the M. coranguinum Zone in Kent. IIWhi takers' 3" 
tabular flint bandll is visible towards the top of the 
cliff. Down fallen debris covers much of the section, 
but wave erosion at the cliff base makes the lower 
half of the zone accessible. 
18 "Whitakers' 3" tabular flint band". Joss Bay. Kent. 
A distinct I ithological horizon, which I ies close to a 
major faunal break. This continuous band of fl int stretches 
for at least 25 kilometres around the south coast of Kent. 
The group of holes directly beneath the hammer, are the 
sites of short cores collected in conjunction with a 
palaeomagnetism research team from the University of 
Newcastle-upon-Tyne. 
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The beds, bo:h above and below this horizon, are irregular 
and thicknesses of individual units are very inconsistant (Text PI. 2A). 
Nodu lar fl ints are small and infrequent or totall y absent and the 
sediment is extremely soft. 
The upper limit of the section was tal,en at a further distinctive 
mar-kt::r horizon present at this levf:::l. "Barrois" sponge bed (Text. PI. 28) 
was USed by Rowe (1900) to define the top of the M. coranguinum Zone 
due to it's distinctive appearance and convenient stratigr'aphic position. 
It i5 a thin unit (0. 40m.) of creamy white chalk, rich in rusty brown, 
iron stained sponges, together with echinoid debris and crinoid ossicles. 
Samples were tal<en both from this level, and the chalk above it 
for the next 3 metres, to complete the microfaunal succession into the 
Uintacrinus social is Zone. 
The photograph illustrating "Whitaker's 3 inch band" (Text. PI.1b) 
also shows a series of small drill-holes, approximately 0.5 metres 
below the flint. These samples ware taken in conjunction with a 
geophysical investigation team from the Univer~ity of NewcastJe-upon-
Tyne, who intended to examine any residual palaeorn3gnetism in the 
finer mineralogical content of the chalk. The palaeogeographic 
implications of such work are fairly obvious, but as the results of 
this preliminary investigation were totally inconclusive, nothin£) more 
can be added at present. However, new techniques now being 
investigated by the rese~rch team, led by Dr •• 0. M. Tarling, may 
allow more success in futur'e work. 
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2A Variation in bed thickness, North Foreland, Kent. 
In the upper part of the M. coranguinum Zone in Kent, 
fl ints are rare and the bedding becomes irregular. 
Small scale current scour features are present and 
low angle jointing is recorded (Hancock 1976). 
2B IIBarrois Sponge Bed" Joss Bay, Kent. 
A distinct bed (immediately below the hammer) with 
abundant sponge remains, used as the upper I imi t 
of the M. coranguinum Zone in S. E. Kent. The bed 
is 0.40 metres thick, and has an orange/brown 
staining, due to iron oxidation, possibly in association 
with the sponges. 
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Fortunately, lower Senonian chalk is encountered approximately 
16 ki lometres further north, around the eastern coast of the Isle of 
Thanet. The levels exposed at the top of the cliffs at Oldstairs Bay 
are present between Pegwell Bay and Margate, although the former 
provides a poor section which is largely inaccessible and covered 
by algae. 
However, the succession is repeated to the north, due to the 
effect of a small normal fault at Dumpton Gap (TR396 667). "Bedwell's 
columnar flintll is acces:::ible along lhis coast, and more clearly 
developed than to the south. The beds below it were again sampled, 
to give a good microfaunal overlap between the two sections. Imper-
sistant tabular flints present in this part of the section give way to 
normal bands of nodular flints, which arc extremely regular at this 
stratigraphic level. 
The section collected was that between Joss Bay (TR402 700) 
and White Ness (TR396 709), the sub-horizontal nature of the bedding 
making a continuous vertical succession impossible. Approximately 
10 metres above the columnar flint, there outcrops an extremely per-
sistant, thivk tabular flint, referred to previously In the literature as 
"Whitaker's 3 inch band" (Text. PI. t B). The thickness of this unit is 
now recorded as 7 centimetres, and it's geographical extent is 
regarded as qui te unique for a bed of this na lure. It is pre~ent 
around much of the coast of Thanet and Is also visible at the top of 
the cliffs above St. Margaret's BilY; the distilnce between the two 
is approximately 25 1<llometres. 
3:2 Thames Barrier Site Investigation. 
The material used from the Thames Barrier Site Investig.:ltion 
(TO 425795), during this study, was derived from three of the main 
borehole sections (B. H. No. 25, B. H. No. 52 and B. H. No. 19). In 
the preliminary study. (Unpublished Report for Foundation Engineering 
Ltd.), Carter and Hart considered that the borehole section ranged 
between the !:h-Planus Zone through to the U. socialis Zone. More 
recent work (Carter and Hart, in press A.) has confirmed the original 
zonation. 
The longest of the three sections was provided by Borehole No.25 
(South Bank), which was 99.25 metres deep. This, when combined 
with the upper part of Borehole No. 19 (mid-river), provided the full 
succession under investigation, a total thickness of 110 metres. 
Only the lowest 16 metres of Borehole No.52 (North Bank) were 
examined in detail. This section served as a useful correlation with 
the lower part of Borehole No. 25. It also acted as a cross-reference 
and test for the foraminiferal zonation used In the project. 
A detailed lithological description is not available for the section, 
although notes provided by Mr. D. J. Carter, particularly regarding 
Borehole No.25, give an outline of the lithologies encountered. 
The basal 17,metres comprise 50ft, massive bioturbated chalk, 
with scattered marl dissolution seams, and numerous bands of nodular 
fl ints. Minor faul ting is present at several points towards the base 
of the borehole, which waS terminated in a distinctly nodular chalk. 
Approximately 20 metres from the base marl scams become 
particularly abundant. A phosphatic nodular horizon occurs 22 metres 
above the base and bioturbated, soft, white chalk with scattered flint 
bands continues for the next 20 metres. 
A concentra tion of fl int bands is present above this, foil owed by 
massive white chalk with large burrows, infilled with darker, marly 
sediment. 
Bioturbated chalk is recorded for the overlying 20 me ires and 
above this, there is soft white chalk which is believed to be ,ljn situ l • 
The uppermost 5 metres of the section consists of sol iflucted chalk, 
often with a superficial grey staining. This is overlain by 16 metres 
of'more recent, loose soliflucted sediment. 
3:3 The Isle of Wight 
a) Freshwater Bay (SZ347856). This embayment, at the western 
end of the island, cuts through the succession from the top of the 
H. planus Zone to the middle of the U. socialis Zone. This is poss-
ible, due to the steep incl ination of the bedding, which has a dip of 
between 60 - 70 degrees to the north throughout the section. 
Neither side of the bay is fully accessible except at an extremely 
low tide. However, by collecting the lower half of the succession on 
the western side of the bay and the upper half on the eastern side 
(Text. PI. 3A) and correlating the two across, a full sequence may be 
compiled. 
Although the junction of the H. plnnus and M. cortestudinar'lum 
Zones, used as the base of the present study, was sampled on the 
western sido of the bay, it Is better illustrated by itsl eastern counte\-
part (Text. PI.4A). Rowe (1908) described it as two thin marl 
II • 
approximately 1 foot 8 Inches apart"; these can clearly be seen In 
the, centra I part of the photograph. 
The sedi m c llL Lit thi s l e v e i i ::, w e ll-bedd ed, w ith thick hori z0n s 
of noJu l ol~ ch L11k se pa l' t e d ~/ Y thir. m a r l s a ms ; or di s ti nct nodu l a r 
flint bands se t in a cha l l ma tr i x . L. itho l o g ica ll y the cha ll~ i s ; hard, 
r ec rys ta lli s ed ca lcare ni te ; rich in ma r l whicl h a .... unde r'gone 
I'esolu ti on dUI~ing ear l y dia gen e s i s . Nodul a r cha lk s (T "' ~< t. PI 3 8 ) 
are w e ll de v e lope d , and i nc i pi ent hardgl ounds a rc pr s 11t in the 
l owE) r part o f th e M . cO I~t es l u di n L\I~ium Z o n e . Th - f a una i s qu i te 
ri c h through o ut thi s zone , i nc luding nUl"'1 e l~OU S ~~ r"lS l I' spp . , 
Spond y lu s sp j no su ~ (S owe d y ) , Inoce r amu s 5 aC I ' Q 
.9J2bu l a r i s (P hi lli p s ), and a bundan t brok n sl II d bri s . 
----- - -- --- --j 
j 
~;(--
. 
.: dlsploC'l?l'I1e nl 
-~.-. . , 
\ \- . \ 
fi g, 3 : 1 displ ace:-men . Fre~hwo ter Boy 
Re9ulal~ b a nds o f n o dul a r f l il t OCC UI~ fr q u ntly, and a pprox -
i m a t e l y l G me tres fr om th e b -s of h c: sec t i on tl r e thin tabu l n r 
f l int s folio' th e b e dding . Th i s i s not th e casQ w i th th e ;jeri s of 
t bul a r f l int ·- e v l ope d t w o I e tr <:" hi h e r . TtY ' se nr c pa l Il e l to 
th e b ddi nG f o r th e mos t p rt, but d is l of th e. td bul r s hus 
t.- k _n pl wc b o t'h c1u ri ~ n d ft e r the f OI'ma tion f th e flint - (.- i g .~ : 1). 
This h '" rea te d both 11' actu r ing a nd a r hing in th v e ins of s ili c . 
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3A East side of Freshwater Bay, Isle of Wight. 
A long section, with an average dip of around 600 • 
Unfortunately most of the seaward side is inaccessible 
by foot, except at exceptional low tides. The junction 
between the M. cortestudinarium and M. coranguinum 
Zones crops out in the upper wall of the semi-circular 
cave seen at sea level. 
3B Nodular chalk, M. cortestudinarium Zone, Freshwater Ba~ 
Nodular chalks with a high proportion of marl are 
typical of the M. cortestudinarium Zone in the Isle of 
Wight. Some phosphatisation has occurred and marl 
seams act as bedding planes. 
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This feature lies just a metre above the M. cortestudinarium-
M. coranguinum zonal boundary, as described by Rowe (1908), on 
the western side of the bay. The junction was also observed on the 
eastern side (Text. PI.48) where the thin marl seam, used as the 
marker horizon, is visible in the roof of a large cave. 
Above this boundary the rubbly, nodular chalk continues, with 
extremely frequent and regular nodular flint courses. As was the 
case in Kent, the chalk of the M. coranguinum Zone Is 51 ightly finer 
and softer than that of the zone below, and nodular horizons are 
much less frequent. The sediment at this level has a much more 
biomicritic, rather than calcareni tic texture, Seen in the underlying 
nodular chalks. 
Marl seams arc quite common, weathering out to form narrow 
gaps between the thickly bedded chalk. Flaser structures are absent 
at this level, although small dissolution scams are normally present. 
Approximately 21 metres above the zonal boundary the cl iff on 
the western side of the bay becomes Impossible to sample, due to 
downwashed debris and overgrowing vegetation. FortunatelY,thls 
level is accessible above the high tide mark on the eastern side and 
the section was continued there. The basal datum on thl~ second leg 
of the sequence, waS a thick black tabular flint, situated in the 
extreme eastern corner of the bay. Samples were tal<en below this 
I ine to provide an overlap with the western section and then continued 
upwards for a further 55 metres. 
The rhythmic pattern of nodular flint horizons, set In a creamy 
chalk matrix, and creamy white fllntless chalk is continued for the 
rest of the section. The sediment is a fine biomicrite, In which the 
macrofauna is poorly developed. 
I I 
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4A Holaster planus - Micraster cortestudinarium 
zonal junction, Freshwater Bay. Isle of W i gh t 
The boundary between the t wo zones is taken at 
the two marl seams, half a metre apart, sl i ghtly 
to the left of the cave wall. Bands of nodular fl i nts 
occur at regular intervals. These appear to follow 
distinct bedding horizons, often with evidence of 
burrowing. 
4B Micraster contestudinarium - Micraster coranguinum 
zonal junction, Freshwater Bay, Isle of Wight. 
Rowes' (1908) boundary between the Micraster zones 
is taken at the thin eroded marl seam, to the left of 
the photograph. Low angle m i nor faults and joints 
criss-cross the steeply dipping chalk. The nodular 
chalk is extremely indurated at this local ity. 
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The zonal fossil, Micrdster coranguinum Leske is not cemmen, 
it does occur at scattered horizons. Other species found included 
Porosphaera globularis (Phi II ips), Glomerula gordiali::> (Schloth~im) 
ossicles of Bourgueticrinus sp. , bryozoans and sponge frugments, 
a few identified as Ventriculites sp. A thorough search waS made 
for Uintacrinus social is Grinnel, the basal occurrence of which is 
normally used as the upper limit of the M. cornnguinum Zone, how-
ever this proved fruitless. Samples were taken to well above the 
level thought to be the zonal boundary to ensure that the complete 
succession waS collected. 
A total of 106 metres of chalk were examined, described and 
sampled at Freshwater Bay, which included the total thickness of 
both the Micraster zones. 
b) eu Ivcr cl·iff (5Z 638 854). The accessibi I ity of the cl iffs at 
the eastern end of the island is an even greater problem than that 
encountered at Freshwater Ba~'. The beds of the Micrnster zones 
--
can only be reached during a low tide, and collection of a full sequence 
is difficult. Despite this, the whole section waS collected from the 
lower part of the M. cortestudinarium Zone, through to the U. socialis 
Zone. and in all 110 samples were taken from this succession • 
. Within the scope of the present study, only the uppermost 45 
metres of the section have been fully examined. This covers what 
was bel ieved to be the upper part of the M. coranguinurn Zone, and 
. 
the junction with the zone above, following Rowe's (190S) description. 
Brydone (1914) suggested that Rowe might have overestimated the 
thickness of the M. cornn8uinum Zone at Culver. A view endorsed 
by Osborne-White (1921) and further discussed by Barr (t 962). 
" 
The stratigraphy of this section is reviewed in much greater 
detail in a later chapter, suffice it to say here that the microfauna 
provides additional informntion in the clarification of the problem • 
.. 
Onl~' a preliminary examination has been carried out on the 
lower part of the succession at this local ity. The M. cortestudinarium 
Zone is characterised by the presence of indurated, creamy white, 
nodular chalks, which are developed into incipient hardgrounds at 
several levels. A few of these horizons are considered to be true 
hardgrounds as evidence of a bo:--ing infauna was noted. An abundant 
epifauna was accumulated on the upper surfaces of these phosphatic 
beds. 
Nodular fl int bands occur at regular intervals and persistant 
tabular fl ints are also common. 
The base of the M. coranguinum Zone Is drawn in the southern 
face of the northern IINostril ll , one of the distinctive pair of caves 
present at the southern end of the section. "The chalk, at this level, 
appears to be finer grained than that of the nodular beds of the zone 
below, and this smoother- biomicritic texture continues throughout the 
rest of the section. The hard nature of the chalk persists for the 
whole of the section collected, this being due to the diagenetic 
changes imposed upon the sediment by later structural deformation. 
Alternating bands of flintless white chalk and hori7.ons rich in 
black nodular flints characterize the M. coranguinum Zone. Marl 
dissolution seams and tabular flints are present, but b~' no means 
common. The fauna is spilr-se, shell debris, is disseminated through-
out the section, including large amounts of broken Inoceramus spp. 
... - - - ~-~------
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In the uppermost part of the section,bands of small, nodular fl ints 
are poorly developed and impersistant tabular' flints are common. 
", 
The chalk is a fine grained biomicrite, normally white, but with 
occasional yellowish,phosphatic horizons,and frequent rusty-
brown patches, caused by the presence of oxidised Iron compounds. 
Minor fau I ts were encountered in this section, and these were 
allowed for in the sampl ing intervals. The presence of downwashcd 
and downfallen debris was not a major problem, as it seems to have 
been in the past (Rowe 1905, Osborne - White 1921). 
3:4 Norfolk. 
Two short sections were collected, for the author, by Mr. P. Weaver, 
and his help in drawing up the successions Is acknowledged. 
a) Newton-by-Castleacre (TF 836 150). This small quarry, which 
is no longer worked, was noted by Peake and Hancock (1961) as 
covering the junction of the Micraster Zones. 
Approximately 1 metre of the lower part of the section was 
obscured by talus, although a clean sample was obtained below this. 
The rest of the section was continuous for 9 metres of soft, white, 
biomicritic chalk. Large nodular flints were found at seven distinct 
levels. 
Two marly horizons occur in this section, the first at the top, 
consists of 10 centimetres of soft marly chalk. The second is 5.5 
metres below this, forming a distinct marl seam 1 to 2 centimetres 
thick, underlain by 10 centimetres of marly chalk. 
, i 
i 
i 
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The lower marl was sampled and proved to be devoid of calcareous 
foraminifera. 
The macrofauna was rare, and the samples yielded only echinoid 
and asteroid plates, a few fish teeth and broken Inoceramid pl'isms. 
b) Helhoughton (TR OS 1 273) A 10 metre section, 11 ki lometres 
to the north of Newton-by-Castleacre, containing chalk of the 
M. cortestudinarium Zone (Peake and Hancock 1961). 
The chalk was of a similar character to that of the previous 
local ity, although the upper part of the section was more weathered. 
The highest sample was a yellowish chalk rich in dendritic manganese. 
Very large, flat nodular flints were common throughoLlt the section, 
and two thin impersistant tabular flints occurred, which migrated 
across the bedding. 
A further sample was taken from a degraded section at Burnham 
Overy (TF 843 432), which is now thoroughly overgrown. This lien 
approximately 17 kilometres to the north of HeltlOU!)htcm, and is 
recorded as yielding chalk from the M. corilnguinur,n Zone (Peake 
&I Hancock" 1961). 
3:5 puidhame..ton, Wiltshire (SU 115314) 
This large working quarry (Text. Pl5A) was mentioned by Jukes -
Browne and Hi II (190 /+) as a small chalk pi t in the M. coranguinum Zone. 
r:) 'J , . 
. , 
The present authorls attention was drawn to the value of the section 
by Mr. C. J. Wood (pel's. comm.), who suggested that the relatively 
~;oft nature of the sediment would be ideal for a micropalaeontological 
examination. 
The basal datum was taken at the lowest level of the quarry at the 
time of collection (January, 1976). The full succession of 20 metres 
was examined working up the succeeding levels, nnd correlating the 
short distances between sections lithologically. 
The lower half of the section is characterised by the presence of 
numerous bands of flint of variable form. At 6 metres above the basal 
datum, Inrge IIpa ramoudra ll like flints are common, and a further 2 
metres above this several thin, impersistant tabular fl ints ar'e pr~sent 
across the quarry face. In the upper half of the section only two 
persistant flint bands, are present, the lower is indistinct although 
a few nodules are as much as 0.5 metres across. The higher bnnd 
however, is a prominent marker, 21.5 metres nbove the basal datum, 
formed by Inrge, flattened,black nodules, which form an almost con-
timlOus tabular band. 
The lithology of the chalk is consistant throughout the section. 
The rock is a IIpure ll fine grained biomicrite, white with occasional 
rusty brown iron stnined horizons. These horizons are often 
associated with the'presence of sponges, as is the case with IIBarrois 
Sponge Bed" (Text. PI. 28) in Kent. A good specimen of M. coranguinum. 
Leske was found towards the top of the qual'ry and a large broken 
.Inoceramus sp. was present 5 metres above the base. Otherwi se the 
macrofauna hoted was poor, probably as the locality is a working 
quarr'y, nnd all the faces were fresh. 
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5A Ouidhampton Quarry, Salisbury, Wiltshire. 
A 28 metre section of the M. coranguinum Zone is 
exposed in the succeeding levels of this quarry. 
The chalk is relatively soft and the higher levels 
almost devoid of fl ints. 
5B Annis' Knob, Beer, South East Devon. 
This section provides the most westerly accessible 
outcrop of chalk from the M. cortestudinarium Zone 
of southern England. Only the basal part of the zone 
is present, the junction with the H. planus Zone 
being taken at about the level of the distinct tabular 
flint, seen in the photograph approximately half way 
up the cliff face. The darker bands mark the levels of 
phosphatised incipient hardgrounds . 
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Periglacial activity has strongly affected the uppermo~t 6 to 0 
metres of the section. Solution pipes, infilled with reddish - brown 
clay with flints,are common, and a few are quite extensive. This 
material also forms a thin veneer of overburden. The pipes were 
often large, in fact one had been excavuted, by the quarry o\'{ncrs, 
to a depth of 15 metres, and the base was still not reached. Despite 
thiS, they had little affect on sampling as well bedded chalk wa~ 
present through to the top of the quurry face. 
3:6 Beer S. E. Devon (SY 232 892) 
The section at Annis' Knob (Text. PI. 58) has been described and 
discussed at some length by Rowe (1903) and Jukes-Browne and Hili 
(1904). A lithological de~cription waS given by Bailey (1975), but 
this is purtly revised in this summary in the light of the subsequent 
\ 
work of Kennedy and Gurrison (1975), in which the section Is fully 
illustrated. 
The Annis' I<nob sequence Is divided into three units, based 
on minor lithological variations (Bailey 1975). Tho lowest purt of 
the cliff is formed by a nodulur chalk with a high clay content in 
the form of dissolution seams. The base of the. section i s tal~en at 
a distinct nodular fl int band at the foot of the cl iff. This is Immed-
iutely followed by a thick unit of nodular ehul!, with a stl"ongly 
developed flaser structure, with nodular of creamy chalk enclosed 
in a grey marl matrix. Scattered flints occur through this uni t which 
is capped by the distinct tabular fl int, about half way up the cl iff face 
(Text. PI. 58). 
55 
Above this flint is the second Jj'thological unit, characterizcd 
, . 
b~1 its nodular appearance and large number of incipient hardgrounds 
(Text. PI.6A). At least six of these occur in this unit, the typical 
form being illustrated in Text. PI. 68. The horizon is a deeper 
or'ange colour', when compared with the surrounding chalk, due to 
the abundance of phosphatised material. The "hon,cycomb" weathering 
is caused by the rcmoval of softer chalk from al'ollnd the indurated 
nodular material. 
Bioturbation has destroyed any form of bedding, and the SCClt-
to red fl ints tend to follow burrowed horizons. Dissolution marl 
seams are common, although not developed into the thicker 
marl bands seen el sewhere. 
The presence of these indurated horizons at this level made 
micropalaeontological processing both unpractical and futile, so 
that an examination of thin-sectioned samples was carried out for 
much of this unit. 
The third part of this section is a small 6 metre face, to the 
east of the main cliff, separated from it by a nal'row belt of brecciated 
chalk. This, it is believed, represents a minor fault, the down-
throw of which is difficult to determine, although it is probably only a 
rna tter of 10 to 20 metres to the east. 
The base of this lithological unit is marked by an incipient hard-
ground. Between this and the top of the section, v.nich also has a 
pal(~ yellow colouration (possibly due to phosphate content), the 
chalk has a fine smooth texture, lacking, the nodular character of 
the open cliff. Large, sc~ ttered fl int nodules occur through this 
part of the section and marl seams are quite common. 
0' 
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6A Incipient hardgrounds, Annis I Knob, Beer. 
The extremely nodular chalk, of the M. cortestudinarium 
Zone on the weathered cliff face. Incipient hardgrounds 
occur regularly through the section, traceable by their 
darker orange colouration. The hammer (shaft length 
approximately 0.30 metres) is resting across one of 
these horizons. 
6B Incipient hardground, Annis' Knob, Beer. 
This close-up of one of the incipient hardgrounds at 
this local ity shows the characteristic orange/brown 
colour of the phospha tic hor i zon. Softer cha Ik has 
been eroded away from around the indurated burrows 
infi II s. Spec imens of Micraster sp. were coli ected 
from the upper surface of this horizon. Burrow 
fl ints are common through the section. 
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3:7 Arish Mell, Dorset (SY 855 S03). 
A small 12 metre section was collected from the insiue:': of a 
cave at the easter'n end of the bay. TIle chalk of this area however, 
is so hard that it was of little value to process it except by taking 
a number of thin sections. 
The macrofauna of this lecality is reasonably abundant, probably 
due to ihe fact that few people have collected it since the Second 
World War, when the are(l was sealed off as a firing I"ange for thp. 
Royal Artillery. TIle chalk of this bay would not suffer from a detQiled 
palaeontological examination. 
3:8 Summary 
I-<ennedy and Garrison (1975) if1 their valuble work on nodular' 
chalks and hardgrounds summarised the Upper Chalk as "ll relatively 
,monotonous sequence of bioturbated chalks with (l non-calcareous 
fr(lction frequently less than 1 %. Omission surfaces and flint bands, 
often associated with Thalassinoides systems, occur throughout, 
indicating that a rhythmicity comparable to that developed in the 
higher parts of the Middle Chalk is still present, although the 
homogeneity of much of the sequence mal<es interpretation difficult. 
There are, however, levels where cyclicity is strongly marked b~' 
the development of nodular chalks, incipient and trllt': hardgrounds". 
From the preceding locality doscri'ptions the validity of th~r.e comments 
can be judged, and little more can be added. 
The stratigraphic details of each of the sections describc:d 
have been kept to a minimum, and are more fully discussed later. 
The present chapter has been used merely to give some impression 
of the general character of the successions collected. 
--------------~--------------------------------------------------------~. - ----------
. CHAPTER 4 
SYSTEM'\ TIC tvllCROPALAEONTOLOGY 
The classification used in this account Is based on that outlined 
by Loeblich and Tappan (1964) in the Treatise of Invertebrate Paleon-
tology I part C Protista. In a few cases it has been amended in the 
I ight of more recently publ ished informatlon and conclusions drawn 
from the present study. These are discussed as and when they arise 
in the text. 
During the course of this study 119 species and a further 8 
varieties and subspecies, belonging to 52 different genera,have been 
rcco~nised. Twenty one of these species are described for the first 
time, and many of the others are described fully for the first time kom 
the British succession. 
Comments regarding the evolutionary relationships nnd strati-
graphic value of ench species are included In the remarks followin!J 
tho species description, nnd discussion has been given at a generic 
level where this was thought necessary. 
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Order FORAMlNlFEF~IDA Eichwald 1830 
Suborder TEXTULARIINA Delage & Herouard 1896 
Superfamily AMMODISCACEA Reuss 1862 
Family AMMODISCIDAE Reuss 1862 
Subfumily AMMODISCINAE Reuss 1862 
Genus AMMOD ISCUS Reuss 1862 
Genotype Ammodiscus infimus Bornemann 1 07'~ 
Ammodiscus cretaceu.E., (Reuss) t 845 
PI. 1, fig. 1. 
1845 ge.arculina cretacea Reuss, p.35, PI. )011, figs. 64,65. 
1060 pornuseira 
" 
(Reuss); Reuss, p. 177, PI. 1 , fig. 1a,b. 
1899 
" " 
(Reuss); Egger, p. 18, PI. 22, figs. 1 ,2. 
1925 
" " 
(Reuss); Franke, p.'i, PI.1, fig. 5. 
19213 II 
" 
(Reuss); Franke, p. 16, Pl. 1, fi g. 22. 
1929 
" 
involvens (Reuss); Berry & Kelley, p. 15, Pl. 1, fig. 15. 
.1934 .Ammodiscus cretacea(Reuss)j CushmCln, p. 'l5. 
1941 
" " 
(Reuss); M:lrie, p.18, Pl. 1, figs. 5,6. 
1946 " cretaceus (Reuss); Cushman, p. 17, Pl. 1, fig. 35. 
1953 
" 
II (Reuss); Hagll, p.4, PI. 1, fig. 3. 
1954 II It (Reuss); Frizzell, p.58, Pl. 1, fig. 15. 
1956 lnvolutina cretacea (Reuss); Said f:: l<'enawy, p. 120, PI. 1 ,fig. 4. 
1957 Ammodiscus cretaceous (Reuss); McGugan, p. 33G, Pl. 3/~, fig. 9. 
1966 
__ I_I ___ ~c~r....;e:..;t:.:::a:.:::c:.:;:e:.:::us(Rcuss); Barr, p. 495, PI.77, fig.2. 
Test planispiral, closely coiled, very slightly Invoiute; chamber 
increases uniformly in size through 5 to (; whorls; suture distinct, de-
pressed; wall very finely arenaceous; aperture simple opening at the end 
of the tube, formed by a single chamber, which is initially slightly inflated. 
. ----- ._-- ,. 
Maximum diameter: 0.78mm. Width. O. 12 mm. 
Remarks: SI ight variation is seen in the outl ine of tho test, from 
circular to ovoid, in the latter form there is also u tendency for the 
later whorls to become more irregular in their direction of gl~owth 
and the original planispir31 habit may be distorted. 
Range: Assemblage Zenes A-F. 
Superfamily LITUOLACEA de Blainville 1825 
Family HORMOSINIDAE Haekel 1694 
Subfamily HORMOSININAE Hackel 1094 
Genus REOPHA)( Montfor t 1 808 
Genotype Reophax seorpiurtJs 1808 
Reophax sp. A 
PI. 1, fig. 2. 
Test free, small, sub-parallel sides, rounded at both ends; 
chambers difficult to distinguish, even when sections are made and 
the interval characters are visible; wall thick, finely arenaceous 
with calcareous cement; surface quite rough; aperture simple round 
hole in a terminal position. 
Max. dimensions: Height 0.33 mm. Width 0.21 mm. 
Remarks: This rather undistinguished species is not common, and 
is usually present in the' < 250 micron fraction, however larger 
specimens are found and even in these the chamber arrangement is 
obscure. 
Range: Assemblage Zones A-E. 
Family LlTUOLIDAE de Blainville 1025 
Subfamily LITUOLINAE de Blainville 1825 
Genus AMMOBACULITES Cushman 1910 
Genotype Spirolina agglutincms d'Orbigny 
Ammobacul i tes sp. c f. A. rowei Barnard & Bunner 
PI. 1, fig.3. 
64 ' 
1953 Ammobaculites rowei Burnard & Banner, p.180,PI.VII,fig.6A-C. 
Test large and roughly triangular in outline; four chambers 
arranged in a p!unispiral coi I, a fifth Is missing, the last chamber 
is sct at an angle to the previous group; chambers arc sub-triangular 
to globular in shape, gradually increasing in size; sutures straight, 
distinct and sl ightly depressed; walls thick and extrernely rugose 
formed by sub-angular quartz grains with calcareous cement. Simple 
round aperture centrally positioned. 
Max. dimension~ ,Height 1.00 mm. Width O. GO mm. Breadth 0.56 mm. 
Remarks: Only one specimen of this species was encountered in the 
study. This was probably due to the harsh processing that much of 
the material required, which resulted In the break3ge of the larger, 
more vulnerable species. Although this specimen is Incomplete, when 
compared with the holotype, it was found to equ3te well with the initial 
portion of A. rowei; the rectilinear section being missing. 
Range: Assemblage Zone A. 
- z -
Fami Iy TEXTULARIIDAE Ehrenberg 1630 
Subfamily SPIROPLECTAMMININAE Cushman 1927 
Genus SPIROPLECTAMMINA Cushman 1927 
Genotype Textularia agglutinans d'Orbigny vur. biformis 
Parker & Jones 1865 
Spiroplectammina enceps (t~cuss) 1845 
PI. 1, fI gs. 4, 5 ~ 
6 t::. 1 ;:), , 
, ! 
1845 Textularia anceps Reuss, p. 39,PI.VIII,fig.79,PI.XLII,fig.78. 
1845 ___ "__ ---I;p;.;.r..;;a;;..;e;.;l..;;o..;..n.;..9=a R eu s s, p. 39, P I. X II, fi g. 1 4. 
1099 " anceps Reuss; Egger, p. 25, PI. XXIV, figs. 35.36 
1928 Spiroplecta II (Reuss); Franl<e,pp.148-9,PI.XIlI,fi!].16. 
1932 Spiroplectammina anceps (Reuss); Cushman, p. 09, PI. 11,figs! 5, 6. 
1957 _~_I_I __ .....::I~a~e;.;:v;..:.i..;:;s __ ..:.;(R~oemer) var. cretosa Cushman; McGugan, 
p. 337, PI. 34, fig. 8a, b. 
Test free, elongate, compressed, widest point sl ightly above the 
mid-point of the test; margins acutel y angled; inl tially planispira I, how-
ever this section is often missing or poorly preserved, biserial for 
. the length of the test; chambers Indistinct, flattened, oblique, slightly 
overlapping; sutures flush with surface, oblique, straight, to slightly 
cw'ved towards the margins; wall finely arenaceous with a calcareous 
cement; aperture small slit on the inner margin of the final chamber. 
Max. dimensions: Length 0.68 mm. Width 0.23 mm. 
Remarks: This species Is slightly tapered at both ends when later 
stages are pr'esent. In the majority of the specimens encountered how-
ever, this tapering at the apertural end was not seen, presumably 
becallse th(~se were juveni I (~ forms. 
• 
Some confusion exists between the profusion of species nClmes for 
Upper Cretaceous members of this genus. Cushman (1932) attempted 
to clarify ·the situation, and stated that after careful examination of 
type specimens, and much topotypic materiill, S. anceps (Reuss) is 
a distinct species. He also noted from Reuss's original material that 
"Textular-ia praelonga Reuss" is In fClct the gerontic stage of S.anceps. 
A trivial name which has been used consistently for closely rf:-
lated American forms is S. semicomplanatn (Carsey), Clnd it is thought 
that the present species and its AmericCln countcrpar't may be synony-
mous. However, the earlier, European name has been retained, despite 
the poor nature of the originnl figures and description. 
Range: Assemblage Zones A-F. 
Subfamily: TEXTULARIINAE Ehrenberg 1638 
Genus BIGENERINA d'Orbigny 1026. 
Genotype Bigenerin3 nodosaria Cushman 1911. 
Bigencrinn sp. A 
PI. 1, fig. 6. 
Test free, elongate, early portion biseriill, broken in the miljorlty 
of the specimens examined; chambers elongate becoming cyllnderlcal In 
the later stages; sutures oblique initially becoming streight, slightly 
depressedj wa II finely Clrenaceous with a calcareous cement; aperture 
simple, terminal. 
Max. dimensions: Length 0.65 mm. Width 0.72 mm. 
Remarks: .111e chamber arrangement is simi lar to tha t of Bigenerina cretae 
described b~' Ehl"enberg (1054) from the Chalk at Grilvesend, Kent. Un-
fortunately, he docs not give a descriptlo!1 and his only diagram is one 
of a sectioned specimen. The present species cannot be assigned to 
Ehrenbergs' species with such a limited amount of information. 
Rilnge: Assemblago Zones A-D. 
- -=a-
Family ATAXOPHRAGMIIDAE Schwager 1877 
Subfamily VERNEUILININAE Cushman 1911 
Genus VERNEUILINA d'Orbigny 1839 
Genotype Vernellil ina tricarina ta dlOrbigny 
Verneui I ina mUnsteri Reuss 1854 
PI. 1, fig. 7. 
1845 Textularia triquetra (v. Munstr.); Reuss, p.39. 
18;54 Verneulina munsteri Reuss, Reuss, p.71. PI. 26, fig.5. 
1936 
1937 
1957 
1961 
1975 
I imbata Cushman, p. 2, PI. 1, fig. 2. ------.--~~~-
II 
___ 1_' _____ 11 __ Cushman; Cushman, p.12. PI. 1, fig. 21. 
___ '_' _____ " __ Cushman; McGugan, p. 337 ,PI. 34, figs. 4-7. 
___ '_I __ ...;m~u.;..n_s..;.t.;;.e.;..r.;..i_(Reuss); Vasi lenko, p. 15, PI. 1. fig. Sa-c. 
____ " _____ 11 __ (Reuss); Rcbaszynski, in Colboaux et al,p.19. 
fig.2. 
Test elongate, triangular in section, increasing uniformly and 
rapidly in size; sides flat to slightly concave; chambers distinct; suture!::> 
flush "to slightly "'aised, strongly curved; wall finely arenaceous with 
calcareous cement, Gmooth; aperture sharp loop shaped opening towards 
the centre of the inner murnin of the apertura I face. 
Max. dimensions: Height 1. 25mm. Width 0.65 mm. 
Remarks: The specimens examined in this study are thought to resemble 
more closely those figured by Cushman (1936) as V.limbata than the 
original figures of V. rntlnsteri (Reuss), although the two share several 
specific churacters. However, the trivial name of V. Ilrnbnta had al-
ready"becn occupied by Terquem (1082) In his discussion of the Eocene 
Foraminifera of the Paris Basin, making V. lirnbata Cushman a 
junior homonym, and therefore inval ide 
The specific name V. rnlinsteri (Reuss) has subsequently been 
adopted for this group following the example set by Vasi lenko (1961) 
and Robaszynski (1975, pers. comm). 
This species is distinct from V. tricarinata (dIOrl.>igny) in having 
sutures which are more markedly limbate. 
The ranges of the two species closely overlap and it is belicv~d 
that there may be a considerable amount of confusion in ear'ly literature. 
The majori ty of the specimens show the distinct triseria I chamber 
arrangement throughout their growth. However, in a few specimens, 
there is a tendency towards a biserial pattern in the final few chambers. 
This feature casts some doubt on the generic position of the group and 
is therefore discussed more fully below. 
Range: Assemblage Zones A-F. 
Verneuilina sp.A 
PI. 1, fig.O. 
Test triserial throughout, increasing uniformly in sizej sides flat 
in initial chambers, beginning to flare mor'e widely latC!r; edges rounded 
becoming nlmost lobate in later chambers; chambers distinct; sutures 
curved slightly and depressedj wall quite coarsely arenaceous with 
calcareous cem.3ntj aperture simple semi-circular hole in the Inner 
margin of the apertural face. 
Max. dimensions: Height 0.56 mm. Width 0.38 mm. 
Remarks: Simi lar to V. munst(~ri (Reuss), but distinguished by the 
more rugose appearance of the wall and by having depres~ed sutures. 
Here again there is a possible tendency to become biserial In a few 
larger individuals. 
Range: Assemblage Zones A-E. 
Genus GAUDRYINA dlOrbigny 1839 
Genot~'pe Gaudryina rugosa dlOrbigny 1840 
Gaudryina frankei Brotzen 1936 
PI. 1, fig. 9. 
1936 Gaudryina frankei Brotzen, p.33, PI. 1, fig. 7a,b, p.34, t. fig. S. 
Test triserial in initial stages becoming distinctly biserial for 
the later two-thirds of the shell, broadly wedge-shaped, becoming 
sub-parallel, quadrilaterial appearance in transverse section; walls, 
flat to slightly concave; edges rounded, indistinct in later chambers; 
chambers poorly visible in trlserial secticn, distinct, becoming 
slightly inflated in the triserial portion; sutures straight, depressed; 
wall quite finely arenaceous with calcareous cement; aperture simple 
towards centre of the final suture. 
Max. dimensions: Height 0.61 mm. Width 0.38 mm. 
Remarks: G. frankei Brotzen differs from~. rugosa dlOrbigny in 
that the latter is much rnore ovoid in transverse section In the adul t 
form. G. rugosa. also tends to be more slender in overall appearance. 
~. laevigata Franke is another closely related form in which the 
triserial portion is much shorter than that of G. frankel. 
Range: Upper part of Assemblage Zone A - Assemblage Zone F. 
Gaudrylna, jonesiana Wright t 886 
PI. 1, fig. 10. 
1086 Gaudryina jonesiana Wright, p.329, PI. 27, figs. 1-2. 
1914 
1928 
1936 
1937 
" 
carinata Franke, p.431, PI.27, figs. 4-6. 
" " __________ ' Fran!,ej Franke, p.t44, PI. XIII, fig. tOa-c. 
" 
" 
" Franke; Br?tzen, p.35, PI. 1, figs. Sa-c. 
(Siph,~gaUdrvini\)jonesl~ Wright; Cushman, pp 75-6, 
PI. 1, figs. 7-10. 
Test el~ngate,' tapering rapidly at the base, sub-parallcl for 
,', 
much of its length; trlscrial por'tion short, biscrlill portion compressed, 
quadri lateral in transverse section; edges of e~rly portion sharp to 
carinate, faces flat or slightly concave; biserial portion distinctly 
carinate on all four edges, carinae of frontal face tend to fuse to 
form that of the triserial portion; faces flat to concave; chambers 
fairly distinct; sutures straight to slightly curved, flush with sur-
face; w.:tll finely arenaceous with calcareous cement; aperture 
interomarginal, simple in centre of final suture. 
Max. dimensions: Height 0.63 mm. Width 0.30 mm. 
Remarks: The original figures of G. jonesiann Wright are somewhat 
stylised, as are Frankes' (1928) figures of G. carlnatn. The original 
plates of this later species are recognisable but unfortunately out of 
focus. These factors being considered the present author bel ieve::; 
that both Wright and Franke were describing the same species. 
Gaudryina stephensrmi Cushman, a form described from the Upper 
Cretnceous of Texas, is also believed to be a closely related species. 
Range: Assemblage Zones A-F. 
THE TAXONOMIC POSITION OF THE GENERA VERNEUILINA 
AND GAUDRYINA. 
The essential difference between the two genera is the fact 
that the latter becomes biserial after an initial triserial phase, where-
as the former retains its' triserlal chamber arrangement throughout. 
During the course of this study, of the large number of 
V. mUnsteri recorded, the majority display the above generic char-
acter. However, in occasional larger, and therefore more gerontic 
forms, the tendency to acquire a biserial mode of growth has been 
noted. Thus, the situation arises where a specimen wi th nil the char-
acters of V. mUns~ for the larger part of its test gains the diagnostic 
fea ture of a Gaudrylno. 
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This problem has been noted in the past particularly by 
Loeblich & Tappan (t 964) in a discussion on generic variability within 
the subfamily Verneuilininae. They note that "AII specimens of 
Verneui I ina bronni illustrated by Reuss (t 846), Cushman (t 937) and 
others show typical characters of Gaudryina". However they also 
state that liThe characters shown by the major part of the species 
population must determine the g~neric placementll • 
For this reason alone the genus Verneui I ina remains a viable 
taxon, in that by far the larger part of the population studied exhibits 
a distinct triserial chamber arrangement. In fig.4:1 this situation is 
illustrated by three individuals of the species V. mUnsterl (Reuss). 
Specimen A is the typical form of the species; specimen B is a more 
transitional form through to specimen C, which, If considered on its' 
individual characters, would fall within the bounds of the genus 
Gaudryina. 
It is believed that the "adult" form of Verneuilina Is in fact 
biserial in its' later stages. However, reproduction and the sub-
• 
sequent rejection of the test may frequently take place before this 
biserial charTIber arrangement Is attained. 
Fig 4·1 
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Genus TRITAXIA Reuss 1860 
Genotype TextulGria tricnr'ina ta Reuss 1844 
Tritnxin tri~{lrinata (Reuss) 
PI. 1 figs. 11 & 12. 
184l~ Textularia tricarinata Reuss, p. 215. 
1953 
1957 
1957 
1966 
___________ Reuss; Reuss, p.39, PI. VIII, fig. 60. 
~~.:.::;.;:~~:....;:;;.=.;..;;:.. __ Reuss, p.40, PI. IV. (V), fig.3. 
~~;:.;..;.;~..;.;....;=.:.:~;..;.;.;.,.;.=..._ (Reuss); Reuss, p.228, PI. XII, figs. 1,2. 
~:::...:.;~;..:.;:...;::.;.~:.:.;:;::.~~_ Franke (non d'Orbigny), p. 140, PI. ><111, fig. 1 • 
..:..;.~~..;.;;;....:.;.....;..=.~~=-=--_ (Reuss); Franke, p. 137, PI. XII, fig. 17., 
____ ..;:;.;:;:.:;.;:..=-____ (Reu5s); Cushman, p.26, PI. ,~, figs. 1-4. 
___ --::.:...:.,;.;,;.;..;....;.:...;.:;,;,,;;;.;;..._ (Reuss); Cushman, p.25, PI.3, figs. 16-25. 
---------------
(Reuss); Cuvi II i er & 52.al<a II, p. 20, PI. 7, 
fig. 7. 
__ '_, ______ '_' _____ (Rcuss); Bm'nard c..-f Banncr,p. 193, PI. VIII, 
fig. 1,A-E, t. fig. 3, A-J. 
" 
II (Reuss); Hofker, p.67, t. fig. 67. 
" 
dubia (r~euss); Hofker, p.67, t. fi gs. 68-9. 
" 
trlcarina tn (Reuss); Butt, p. 171, PI.1, fig. 1. 
Test free, extremely variable in shape between the typical sub-
triangular ovoid form to the narrower, more elongate sub-parallel 
variety; transverse section distinctly triangular with rounded, sub-
angular edges; chamber ilrrangement triserial for the whole len~)th of 
the test except In a small number of indiyiduals which take on a 
uniserlal h.:lbit in the ndul t stages; sutures indistinct; wall arenaceolts, 
usually smooth, however some variation tcw,'lrds a coarser appearance; 
centrnlly positioned, simple terminal aperture in uniserial forms, 
tending to be toward~ the inner edge of the final chamber In those 
forms which are stili trlserial. 
f 
l 
I 
1 
I 
.... ,.-;-,------------.....----~------- -------
Mux. dimensions: Typical form - Height 0.54 mm. Width 0.38 mm. 
Elongate form - Height O. 96 mm. Width 0.45 mm. 
Remarks: This species exhibits an unusually larg,o range of variation, 
and a case could possibly be made for the two extreme forms to be 
placed in distinct taxa, as there does appear to be a slight difference 
in their respective stratigraphical ranges, the shor'ter, wider form 
appears as early as the late Cenomanian and persists through to the 
lower Santonian, whereas the elongate variety Is more characteristic 
of the Late Turonian to Santonian interval. However, it should be 
noted that Banner (Barnard & Banner, 1953) in a lengthy description. 
of the species, figured a complete gradation between the members. 
Examination of those spe~imens (B. M. No. P41224) has confirmed the 
prC!ience of a single, widely variable group, where the variation in 
shape may be of little, or no evolutionary significance. 
'Range: Assemblage Zones A-F. 
Subfamily GLOBOTEXTULARIINAE Cushman 1927 
Genus ARENOBULIMINA Cushman 1927 
Genotype Bulimina presli Reuss 1846 
Arenobulimlna courta (Marie) 1941 
PI. 1. fig. 13. 
1851 ? Bulimina obesa Reuss. p. 40. PI. it, fig. 12 only. 
1941 t-fagnnowellac0l!!:.ill.Marle, p.43, PI.7. figs.68n,b. 
1953 __ 1_1 _____ 11 __ Marie; Barnard & Bonner, p.202, t. fig. 6 J-O. 
Test free, globular, slightly conical. initial chambers forming 
an obtuse angle at the bilSC of the Epircj chambers ~lightly inflated, 
more so In the final whorl occupied by four globular chambers which 
make up nbout two-thirds of the test; 
sutures set in distincl depr'csslons; wall thick, finely arenaceous al-
though a few specimens do appear to be formed by a coar.ser grain 
51;w; aperture. a simple slit-likc opening situated on the interomarginal 
suture of the final chamber, commencing at the angle formed at the 
junction of <lll three suturcs in final whorl. 
Max. dimensions: Height 0.40 mm. Width 0.66 mm. 
Remarks: This common species was originally descl"ibed from the 
Belemnitella mucronnta Zone of the Paris Basin by Marie (1941). 
H~ referred it to the genus Hi'lgcnowclla Cushman, which has since 
been discarded (Loebl ich & Tappan 1 ~61 , 1964) on the grounds that 
the genotype (Vnlvul ina 9ibbos~ dlOrbigny) has a simple interior, com-
pared wi th interna I radial parti tions characteristic of the genu~ 
Hagenowina Locbllch CI Tappnn 1961. The popula tion present in the 
lower Senonian of this country has a simple interior and thereforo fnlle 
within the scope of the ArcnobulLl!1in!!, genus, as suggested by Lceblich 
and Tapp.:m. 
Range: Assemblage Zones A-F. 
ArC'nobul iminn sp. cf. A. polonlca Gnwor-Biedowa 1969 
PI. 1, fig. 1/l. 
1969 Arenobullmina polemicn Gawor-Biedowa, pp. 90-9:3, PI. VIII, 
figs. 5a,b, figs. 6-8, T. figs. 9, 10. 
Tcst freo, elongate trochospiral, wedge shaped but wi th a dis-
tinctly sub-parallel outline, longth cqual to twice the width at its 
broadest point, that of the youngest whorl, chambers clongllte arranged 
obliquely abollt the axis of tho trochospirc; sutures oblique and slightly 
depressedj wall thick, fincly arenaccous gIving a smooth surfaccjaperture 
formed by u wide arcuate slit, situated oOn the inter'nal margin of the final 
rcnlfor'm chamber. 
Max. dimcn~Ions: HeIght 1. 2'.mm. Width 0.53 mm. 
Remarks: Gawor-Biedowa records Arenobulimina p%nicn as being 
common in Lower Cenomanian borehole material from western Poland, 
and the present author is unable to record Clny mention of the species 
fr'om younger deposits. 
However, throughout the present study, specimens have been 
examined which bear marked similarities to the form under discussion, 
and it is believed that these may be a continuation,of an evolutionary 
I ineage stemming from the Cenomanian. 
Range: Assemblage Zones A-F. 
Arenobulimina pseudorbignyi Marie 1941 
T. fig. 4:2. 
1937 Arenobulimina d'Orbignyi Marie, p.261. 
1941 ___ "____ ..tp:.::s:.::e;;.:u::.;d::.;o::.;r~b;;;.;...i g-.;n":"YoI-,;"i Ma r Ie J p. 50 J P I. IV, fi g. 37 a-e. 
Test free, trochosplral, rapidly expanding, maximum width below 
final chamber; reniform chambers, oblique, slightly Inflated; sutures 
flush to slightly depressed; wall thick, rugose, coarsely arenaceous; 
apertu:e simple arch, on inner margin of final chamber. 
Max. dimensions: Height 0.93 mm. Width 0.57 mm. 
Remarks: The rest shows a marked similarity with that of A. ohllg~ 
(d'Orbigny) with which it may be confused. The overall shape Is that 
of A. obI Igun, including such features as the chamber arrangement and 
the uniform increase in size. Maries' type figures even go as far as to 
show A. pseudorbignyl with a final reniform chamber clearly overlapping 
onto the previous whorl, although It has been found that this Is not always 
the case. The overlap is not as distinct as that of A. obi igua. 
The most important, distinguishing feature of the species is the 
extremely rugose nature of the wall J being formed with coarse arena-
ceous material with a calcareous cement. Marie records the presence 
of internal partitions, which are better developed in earlier Turonian 
specimens and somewhat reduced in later forms. 
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Those from the lower Senonian of southern England tend to 
have simple Interiors, but this feature is not thought to affect their 
specific position. Arenobullmina pseudorblgnyl is also larger and 
more robus t. 
Range: Assemblage Zone C. 
fj~ 
Areoobulimjoa p$eudorbig!l~ 
Arenobullmlna obligua (d'Orbigny) 1840 sensu lata 
PI. 1. fig. 15. 
1840 Bulimina obllgua d'Orbigny, p. 40, PI. IV, figs. 7,8. 
1928 II 
" 
dlOrbigny; Franke, p.156, PI. XIV, fig. llab. 
1934 Arenobullmina obllgua (dIOrbigny); Cushman & Parker, p. 28. 
PI.5, figs. 5,6. 
1937 Bulimina obllgua ,dlOrblgny; Marie, p.261. 
1941 Arenobulimina obllgua (dIOrbigny); Marie, pp.47-8, PI. IV, 
fig. 34 a-f. 
Test variable, cone-shaped trochospire, greatest width across 
final chamber; apical angle approximately 400 , expanding rapidly; 
reniform chambers, arranged obliquely, large and slightly inflated t 
final chamber becoming lobate, strongly overlapping the previous whorl; 
sutures slightly depressed, obliques; wall thick, finely arenaceoUS 
occasionally becoming more rugose; chambers internally simple lacking 
any partitions; aperture Interomariginal arch variable to a crescentic 
loop, relatively simple. 
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Ma><. dimensions: Height O. 92 mm. Width O. 6/~ mm. 
Remarks: The great varin.tion present within this species possibly 
originates with dlOrbignys' original figures, VIIhich are grosslystylised, 
and lack essential features. However, two important char'acters are 
present in these diagrams which are of note, namely, the c1istinctive 
overlap of the final chamber onto the previous whorl and the sharp 
conical trochospire. The latter waS possibly overemphasised by the 
artist. These two characters are diagnostic at the species level. 
Cushman & Parker (193/~) figure what is referred to a!'i "practi-
cally topotype material" from the Craie Blanche of Bougival, France, 
and ascertain that the species is definitely arenaceOU!3. Their figured 
specimen has a greuter apical ungle than that of the type figures, but, 
as suggested above this .was to be expected. The specimen figured 
by Cushman and Parl<er is typical of those found in the lower Senonian 
of southern England, allowing for some variation within the population. 
They also suggest that the species "Bulimina presllill Reuss should be 
referred to as A. obliguo when recorded from the upper Senonian, 
Reuss' species being more typical of the Turonian and lower Senonian • 
. It is therefore possible that the present author may have included 
individuals, referable to A. prcslil (Reuss) by others, within the broad 
scope of the present species. 
Range: Assemblage Zones A-F. 
Arenobul imina sr. A. 
PI. 1, fig. 1 G. 
Test elongate, ovoid, with di!3tinctly sub-parallel sides, rapidly 
expanding from the initiul chambers forming a vcr'y obtuse apical angle 
which is often rounded; three to four whorls of indistinct, oblique, 
chambers, slightly inflated, with simple interiors; 
~utures tlush with the surfuce and difficult to define; wull thick,finely 
arenaceous with abundant cement; aperture normally quite Jurge, seml-
circular hole situated on the Inner murgin of the reniform final chumber, 
almost totally surrounded by the lobes of this chamber. 
Max. dimensions: Height 0.61 mm. Width 0.32 mm. 
Remarks: The author has been unable to locate any descriptions of 
the genus Arenobulimina which make any reference to forms similar 
to the species under discussion. The elonga te, sub-pClrullel nature qf 
the test outl inc Is similar to that noted In Arenobu! Imin;) polonica 
Gawor-Biedowa. This species however, has a much more acute apical 
angle, and achieves a Inuxlmum width more rapidly than does A.polonica. 
The apertural surface, viewed from above, normully shows an 
arrangement of four charnbers in the final whorl similar to that shovvn 
by members of the genus Hngenowinn. The present species, with itsl 
simple internal chamber walls, 15 firmly placed within the ~renobul-· 
Imina group. 
Range: Assemblage Zones C-E. 
Genus DOROTH IA Plummer 1 931 • 
Genotype Gaudryinn bulletta Carsey 1926 
Dorothla pupa (Reuss) 1860. 
PI. 2, fig. 1. 
lOGO ,:rextllal"la pUPlL Reuss, p.232, PI. ><IV, figs. 4,5. 
1070 Gaudryina crassa Karrer, p. 166., PI.l (X), fig. I,. 
1925 
__ 1_' __ ,t;;p.::.uL:.r.;,;.o~id::.:e::.;s dlOrblgnYj Franke,. p. 41, PI. 1, fig. 26ab. 
1928 II )1 
1931 II II 
1937 Dorothia PUPCl 
dIOrbign~/; Franke, p.143, PI.XIII, fig. 7a,b. 
dlOrblgnYj Cushman, p. 301, PI.34, fig. 60' 
(Reuss); Cushman, p.78, PI. 8, figs. 22, 24a, b. 
1937 §audrylna pupoldcs dlOrbigny; Marie, p.261. 
I 
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II cf. pupoides d10rbigny; Marie, p.65, PI. Ill, figs. 24-27. 
1941 
__ '_' _ .... gi.:..r~a~d~a:..:.t~a Berthclin var, £.rossll Marie; Marie, p; 66, 
PI. III, figs. 29a-c. 
1953 Dorothia pupa (Reuss); Banner, il1 Barnard & Banner, 
p.191, PI.VIII, fig.3,t,figs,2iu4B,E. 
Test conical, trochoid initially, becoming biserial later, 
circular in cross-section In early stages becoming more ovoid in the 
• 
adult stages; Initial whorl with four or more chambers followed by two 
to three rapidly expanding whorls, in a trochoid arr'angernent, this 
is followed by a series of biserial chambers which are inflated and 
slightly overlapping; sutures slightly depressed throughout, notably 
concave in the biserial portion; walls finely arenaceous, with 
abundant calcareous cement, normally smooth but some individuals 
may be more rugose; aperture situated ulong the Inner margin of the 
final chamber', slit-I ike to semi-circular In shape. 
Max. dimensions: Height 0.53 mm. Wi.dth O. 40mm. 
Remarks: B.:mner (Barnard & Banner 1953) in a lengthy discussion 
of the genus porothia outlines the mujor problems which have arisen 
following Plummers' (1931) original generic description, and he noted 
"that the generic status of Dorothla Plummer ma~' be doubtfui ll • The 
source of the confusion is the noture of the initial whorl, which althounh 
described by Plummer as "composed of more than three chambers" is 
extremely variable between the me£alo- and microspi'leric stages,and 
Is frequently Indistinct. Loeblich flTappan (1964) maintain that 
r~~la should "'emaln separate from Gaudrylna. with the number of 
chumbers In the first whorl, being the dividing factor. The early 
stuge of Gaudryi!E, Is trlserlal whercus that of Dorothia has "four or: 
morn chambers". 
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Specimens have been compared with those of Barnard & 
Banner (1953), (S.M. No.P41218), and were found to cqu~te well 
with their specimens of D. pupa (Reuss). This species is very similar 
to D. bullctta (Carsey) described from the upper Cretaceous of Te><as. 
In Reuss' original diagrams of D. pupa however, the sutures are very 
depressed whereas those of D. btJlletta are much less so, and the two 
are therefore considered separa te species. 
Range~ Upper part of Assemblage Zones A - Assemblage Zone F. 
Genus MA.RSSONELLA Cushman 1 933 
Genotype Gaudryina oxyconn Reuss 1060 
Marssonella oxycona (Reuss) 1860 
PI. 2, fig. 2. 
1860 Gaudryina oxycona 
1 e99 II II 
1 925 II II 
1928" " 
1933 Marssonella II 
1 937" " 
1937 " II 
1946 " 11 
1946 " II 
1946 
" " 
1952 
" " 
I~S3 
" 
trochus 
1953 " oxyconn 
Reuss, p.229, PI.12, fig.3. 
Reuss; Egger, p.38, PI.4, figs, 1-3. 
Reuss; Franke, p. 15, PI. 1, figs. 20a, b', 
Reuss; Franke,p.143, PI. 13, figs. Sa,b. 
(Reuss); Cushman, p. 36,PI. L~, fig. 13a, 
(Reuss); Loetterle, p.59, PI. 10, fig, 7. 
(Reuss); Cushman, pp.56-9,PI.5,figs,27,29. 
(non fig.28). PI. 6,figs,3-5,O-12. 
6-7). 
(Reus,s); Keller, p.92, PI. 1, fig.13, 
(Reuss); Schijfsma, p.38, PI.1,fig. t2a,b. 
(Reuss); Cushman, p. 43, PI. 12, figs. 3-5. 
(Reuss); de Civrieu, p. 257, PI. 2, figs.15-t 6. 
(d'Orbigny) in part; Barnard, in Barnard & 
Banner, p. 204, t. fi 9S. 5 o-s. 
(Reuss); Hagn, p.23, PI.1, fig. 28. 
1 
i 
I 
,j 
) 
I 
1957 
" 
1957 
" 
1963 
" 
" 
(Reuss); Hofkcr, p. 85, t. figs. 86-90. 
II (Reuss); McGugan, p. p. 337-8, PI.33,fig.8 
trochus (d'Orbigny); Barnard, p. 44, t. figs. 3a-q. 
1964 Dorothia oxycona (Reuss); Loeblich u Tappan, p.C275, 
1968 II 
• 
II 
t. fig. 184, 5a-c. 
(Reuss); Sliter, p.50. PI.3, fig. 13. 
Test conical, tapering rapidly to an acute apical angle, first 
whorl has four chambers, all succ~('ding whorls are biserial, trans-
vel~se section is initially round becoming more ovoid in the later 
stages; chambers fairly distinct, interiors simple with no signs of 
any internal partitions, usually not inflated; sutures fairly distinct, 
flush with surface of test or slightly depressed; wall thick, finely 
arenaceous with much calcareous cement; aperture a slightly arched 
broad slit along the margin of the final chamber. 
Max. dimensions: Height O. 79mm. Width 0.65 mm. 
Remarks: The genus Marssonella was originally placed within 
the synonomy of Dorothia, by Trujillo (t 960) and s~bsequently by 
Loeblich &I Tappan (1964). However, this is not considered to be 
the case by Carter (in Carter & Hart in press (B)), as he reinstates 
Marssonella as a separate genus. The present author shares this ;...;.;;;.;...;;..;;..~-
view, as Marssonella lacks the trochoid chamber arrangement seen 
in Dorot~.: Also, at a lower ta><onomic level, the chambers of the 
former never exhibit the degree of inflation seen commonly in the 
latter. 
lherc has been some confusion in the past concerning the 
separation of the three species M. oxycona (Reuss) M:... t.urris 
(d'Orbigny) and M. tl'ochus (dIOrbigny), and this is discussed at 
some length by Owen (1970). With reference to the original figures 
of all three species the simplest method of differentiation is by 
cxamening the lutcl~al outline of the specimen: 
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M. trochus (<J10rbigny) 1840 - concave conical out! ine 
M. turl"is (dlOrbigny) 1040 - stl~ai9ht sided conicnl outl ine 
M. oxyconn (Reuss) t 860 - straight to more conve>< outline 
The majority of the specimens examined in the present study fell 
within the morphological runge of M. oxycon3 (Reuss), although the 
tendency was noted in some individuals to become more concave in 
outline, indicating a possible overlap in specific characters. 
Range: Assemblage Zones A-F. 
Genus EGGERELLINA Marie t 941 
Genotype Bul imina brevis dlOrbi~lny 1040 
Eg9crell ina gibbos(l var'. ~Ioblilosa Marie 1941 
PI.2, figs. 3 & 4·. 
1941 Eggcrell ina gibbosa yare globulosa Marie, pp. 35-6, PI. VII, 
fi g. '13a-d. 
1953 II II II II Marie; Barnard, in Barnard 
& Banner, p. 203, PI.VIII, fig. 12 
Only two whorls present, both of three chambersj initial whorl 
extremely small and diminutive, totally dominated by globular inflated 
second whorl, marked difference in chamber size between the last 
chamber. of the first whorl and the first chamber of the second whorl; 
sutul'es distinct, slightly depressed; walls finely arenaceous with cal-. 
careous cement ,smooth; aperture simple I inear hole set perpendicular 
to the inner margin of the final chamber J sUI'rounded by U 51 ight 
upertural I ire 
Max. dimenGlons: Height 0.53 mm. Width 0.5Bmrn. 
Range: Assemblage Zones A-E. 
EggerellinCl gib!Josa val". conica Marie 1941 
PI. 2, fig. 5. 
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1941 
1953 
Eggerellina gibbosa val". conica 
II II II II 
Marie, p. 35, PI. VII, fi g. 71 a-d. 
Marie; Barnard, in Barnard 
& Banner, p. 203, PI. VIII, fig. 1 J 
Trochoid test, conical in outline with three to four whorls; 
initial whorls increasing uniformly in size, final whorl showing much 
greater inflation occuping over haif the total length of the test, only 
hvo chambers visible when the apertural face is viewed from above; 
sutuf·es distinct and 51 igh tl Y depr'e5sed; finely arenaceous wa II wi lh 
a calcareous cement, smooth in appearance; aperture simi lar to tha t 
in E. gibbosa val". globulosa, simple Ikey-hole l shape set at right 
angles to the inner margin of the final chamber. 
Max. dimensions: Height O. 86mm. Width 0.71 mm. 
Range: Assemb I age Zones A-F. 
Subfamily ATAXOPHRAGMIINAE Schwager 1877 
Genus ATAXOPHRAGMIUM Reuss 1860 
1840 
1051 
Genot~/pe Bulimina variabi I is dlOrbigny 1840 
AtaxophrRgmium variabile (dlOrbigny) 1040 
PI. 2, figs. 6-7 • 
Bulimina variabi I is . dIOrbigny, p.40, PI. IV, figs.9-". 
Reuss, p.39, PI. IV, fig.l0a,b. II pre!.ilii 
1878 II globularis (Reuss);Marsson~ p.153. 
1891 Polyphragma variabile (dIOrbigny); Beissel, p. 20, PI. IV, 
figs. 46-53. 
1920 Bul imina vClrb~l __ 1i_s __ dlOrbigny; Franke, pp. 155-6, PI. XIV, 
fig.9a,b. 
1937- Ataxophragmium vClriabile (d'OI'bigny); Cushman, p.175, 
PI.21, figs. 10-15. 
1941 Ataxogyr'oidina variabilis (dIOrbignY)j Marie, p. 56, PI. IV, 
1941 
1941 
1941 
t 941 
1941 
1941 
1946 
1946 
1953 
figs. 41-2, PI. V, figs.L~3-/~, 4'1. 
____ I_' __ c;;;;..,;.,y~1 i:..:.n.:..;:d:.:,r..,;.i,.;:c,.;:a_ Marie, p. 57, PI. V, fig. 46a, b. 
____ I_I __ .:::.o..:.v.:::.o..:...:id::..;e::..;a~_ Marie,p. 57, PI. V, fig. 40a,b. 
____ I1__ ....;c;;.;o;;;.:.n~c;.;:a~v;..;a=--_ Ma r ie, p. 58, PI. V, fi g. 4Sa, b. 
II gibbosa Marie, p.50, PI. V, fig./~9a,e. 
____ 1_' _--"gii!.:l~o;.:;:b~o;.:;s~a~_ (Hagenow); Marie, p. 59, PI. V, figs.50-7. 
____ "__ ...:c:;,:r.,.:a::.;s,;;.;;s;.;;a;: ___ (dIOrbigny); Marie, p. 59, PI. VI, 
figs. 59-60. 
(d IOrbigny); Schijfsma, p. 36, PI. t t 
---------------------
II II 
fig. t Oa-c. 
_____ II ___ ...;d;;,;u;;,;f.:..;:o;.,;:u;;,;.r...;i __ Schijfsma, p. 37, PI. 1, fig. 9a, b. 
variabi I is (d'Orbigny); Barnurd, in Barnard -----------~~~~----
II 
& Banner, pp. 205-6, PI. I><,fig. 6a, b. 
t.fig.7. 
196' •. Ataxophragmium variabile (d'Orbigny); Loeblich & Tappan, 
pp. C283-4, fig. t 91 , 1 ,2. 
Test loosely coiled spiral enrolled with the final whorl, two 
to three whorls, initial one totally enclosed within later chambers; 
chambers increase rapidly in siz~, reniform, interiors simple lacking 
internal partitions; sutures flLlsh with surface of slightly depressed; 
wall fine to coarse arenaceous with much calcar'cous cement, surface 
smooth to rugose; apertural face flat; apcr'ture usually simple semi-
circular holo on the inner margin of the' final chamber although the 
shape is very variable. 
Max. dimensions: Height 0.95 mm. Width 0.69 mm. Breadth 0.76 mm. 
Remar'ks: The genus Ataxophragmium, of which the present species 
is the genotype, has been a source of taxonomic confusion ever' since 
dlOrbigny (18L~0) described the specics as being extremely variable 
in form. Marie (1941) erected the genus Ataxogyroidina into which 
he placed a range of tightly coiled species. However, he designated 
Bulimina variabilis dlOrbigny as the type species, thus making the 
new genus a junior isogenotypic synonym of Ataxophragmium (Loeblich 
& Tappan 1964). 
The use of the name Ataxogyroidina by Barnard (in Barnard u 
Banner 1953) for those species with simple interiors .is also incorrcct 
as this is not the case in the type specimens (Loebl ich & Tappan). 
He, like the present author, found that specimens ofA.variabile from 
the Senonian of southern England consistantly have simple interiors, 
though this is obviously not the case elsewhere. Owen (1970) con-
cluded "that both Atax£j2hrflgmium and Arenobulimina...may have simple 
or complex interiors and that the presence or absence of internal 
structure is of specific value only". This is a broad statement to 
make in a discussion of the Lituolacea, although it may have some 
relevunce in the present cuse. 
The species A. variabile (dlOrbigny) uppears to be fuirly long 
ranging through the Upper Cretaceous, and it is probably a contin- . 
uation of the generic lineage started in the Cenomanian by A. der?r~ 
(Perner). Franke (t 925) recorded Bulimin4'1 jackeli Franke as being I 
the Turonirm continuation of this lineage, but later (1920) includes 
this species within the synonomy of A. depressa. This srecies differs 
from A. vnriabi!e in having a distinct depression centered on the 
aperture, whereus, as stated in the description,A. variabile has a 
fla t apertura I face. 
Range: Assemblage Zones A-F. 
Suborder ROTALIINA Delage & Herouard 1896 
Superfamily NODOSARIACEA Ehrenberg 1838 
Fami Iy NODOSARIIDAE Ehrenberg 1838 
Subfamily NODOSARIINAE Ehrenberg 1838 
Genus NODOSARIA Lamark 1812 
Genotype Nallti Ius radicula. Linne 1758 
Nodosaria Clspera Reuss 1845 
PI. 2, fig. 8. 
1846 Nodosaria (Nodosaria) Clspera Reuss,p.26, PI.Xill,figs.14,15. 
1928 II 
1941 II 
1946 II 
1953 II 
1957 II 
1963 II 
1968 II 
asperC'l 
II 
II 
\I 
·11 
II 
II 
Reuss; FI'an:<e, p. 50, PI. IV, fig. 14. 
Reuss; Marie, p. 87,PI.XI, fig. 125. 
Reuss; Cushman, p. 72, PI. 26, fig.' 6. 
Reuss; Hagn, p. L.9, PI. 4, fig. 28. 
Reuss; POLaryska,p. 65,PI. 7,fig. 3. 
Reuss; Graham & Church, p. 41 ,PI. Ii, 
figs. 17, 18. 
Reuss; Sliter, pp.52-3,PI.4,fig.ll. 
Test free, uniserial, recti linear, tap{:ring towards the base; 
chambers sub-globular, inflated increasing uniformly in size, circular 
in transverse section; sutures distinct, depressed, straight; chamber 
walls finely perforate calcite, walls around sutures and apertural neck 
more coarsely perforate, distinctly spinose; aperture terminal, situated 
at the end of a slender neck. 
Max. dimensions: Length O. 62 mm. Width 0.27 mm. 
F~emarl(s: Reuss' type figures of this species are, as is often the case, 
poor and impl'ecise. However F~cuss (164G, fi!l. 14) shows the spinose 
nature of the wall quite cleal'ly, as well as having a distinct apertural 
neck, which is believed to be of pur:icular importance. 
Range: A!;'sembluge Zones D-E. 
Nodosaria grClcilitatis Cushman 1938. 
PI. 2, fig. 9. 
1938 NodosariCL9.!:..acilitatis Cushman, p. 41, Pl. 6, figs. 23-26. 
CushmanjCushman, p. 89, PI. 16. 
figs. 3-6. 
1940 " 
II 
Test rectilinear, uniserial, elongate, slender showing no 
increase in diameter throughout lengthj chambers long, cyl indrical 
not inflatedj sutures distinct, flush with surface to sl ightly depressed; 
wall s, thin, perforate calcareous, distinct costae running the I en3lh of 
the test and fusing a t the bnse of the prolocuiusj apertLlre terminal, 
radiate. 
Max. dimensions: Length 0.71 mm. Width 0.21 mm. 
Remarks: Specimens of this group examined during the course of this 
study, show a very close similarity to those recorded as paratypes by 
Cushman (1940, figs. 5, 6). However, his types are ,taken from the lower 
Taylor marl of Texas, which is in fact Campanian. The present species 
is therefore believed to be an early form. 
Range: Assemblage Zone D. 
1874 
1925 
1920 
1 9'~0 
1946 
Nodosaria naumanni Reuss 1674 
PI.2, fig. 10. 
Nodosaria naumanni Reuss, p. 02, PI. II (20), fig. 11. 
Reussj Franke, p. 40. PI. III, fig. 3,1. 
ReussjFranke, p. 42, PI. III, fig. 29. 
Reuss; Cushman, p. 89, PI. 16, fig. 7. 
ReussjCushman, p. 72, PI. 26, fig. 11. 
" 
II 
" 
II 
" " 
II II 
Test free, recti I incur, uniserial, tapering sl ightl y towar'ds the 
base; chambE'i's ~istinct, slightly overlapping, becoming inflated, final 
chamber tends to be ovoid; sutures depressed, very distinct; wall smooth, 
quite thick calcite; aperture terminal, radiate. 
tf? ..... 
Max. dimensions: Length 0.88 mm. Width O. 29mm. 
Range: Assemblage Zones C-F. 
Nodosaria zippei Reuss 1845 
PI. 2, fig. II. 
1845 Nodosaria zippei Reuss, p. 25, PI. VIII, figs. 1-3. 
Reuss; Chapman, p. 593, PI. 9, 
fig. 12. 
1893 
1932 
1950 
1957 
" (Denta I ina) zippei 
" 
zippei 
II II 
II affinis 
Reuss; Sandidge, pp. 275.·0, PI. 42, 
figs. 13, 14. 
Reuss; Ten Darn, p. 27. 
Reussj McGugan, PI. 31, figst.20,21. 
Test large, uniserlal, rectilinear, cir-cular in transver-se 
section; chambers inflated, . globular; sutures flush to sl ightly depressod, 
distinct, horl zontal; wall smooth, wi th large distinct costae I"unning 
the full length of the test; aperture terminal, radiate, centrally 
positioned. 
Max. dimensions: Length 6.83 mm. Width 1. 4G mm. Measured on a 
broken specimen. 
Remarks: It is believed that confusion exists between this species 
and N. affini.s Reuss, which is also commonly recorded from the Upper 
Cretaceous. Reuss l type figures are quite distinctive in that N.uffinis 
has ovoid chambers and an apterture which Is situated at the end of a 
short neck. N. zippeLhowevel' Is therefore believed to extend higher 
than the Albian to Cenomanian distribution normally attributed to it. 
Range: Assemblage Zones A-F. 'j 
Nodosaria sp. A. 
PI. 2, fig. 12. 
1940 Dentalina megalopolitana Cushman (non Reuss), p. 60-61 , 
Pl. 13, fig. 28 (non figs. 26-.27). 
Test large, mutl i locular, recti linear, uniserial, circular to 
slightly ellipsoid in cross-section; chamber's indistinct, uninflatel1j 
sutures flush with surface, horizontal; wall smooth, quite thick; 
aperture radiate, centrally positioned final chamber m2.Y be produced 
sl ightl y. 
Max. dimensicns: Length 1.31 mm. Width 0.41 mm. 
Remarks: The specimen of D. megalopoli tana illustrated by Cush~an 
(1940, PI. 13,fig.28), has a terminally positioned aperture, identical 
to that of the present species. His other two illustrations of this species, 
both have apertures posi tioned on the inner angle of the fin'll chamber, 
in specimens with arcuate chamber arrangements. These ilre therefore 
considered to be D. megalopolitana Reuss. 
Range: Assemblage Zones A-E. 
Nodosaria sp. B. 
PI.2, fig. 13. 
Test uniserial, recti linear, round in transverse sectionjchambers 
sl ightly inflatedj sutures indistinct, flush to sl ightly depressed; wall 
calcareous, smooth, costate, with ribs running parallel for the length 
of the test, becoming oblique across the final suture; aperture radiate, 
at the end of a short neck. 
Max. dimensions: Length 0.72 mm. Width 0.26 mm. Meas~lred on a 
broken specimen. 
Remar-ks: This species is similar to N. zippei Reuss, but its smaller 
size and characteristic twisting nature of the costae is very distinctive. 
Range: Assemblage Zone C. 
I 
"I 
I 
----~ 
I 
Nodosaria sp. C. 
PI.2, fig 14. 
Test unilocular, consisting of a large ovoid chamber, which 
may be sub-globular to more elongate; wall perforate, calcareous, 
smooth; aperture terminal, surrounded by a circular collar, possibl y 
the base of a second cha.mber which was never secreted. 
Max. dimensions: Length 0.46 mm. Width 0.30 mm. 
I 
I 
Remarks: This species is extremely simple morphologically, giving 
the appearance of a large megalospheric proloculus. Numer'ous spec-
imens have been found and it is therefore considered as a separate 
group. The species Nodosaria cidarina (Grzybowski) which Was origin-
ally figured from the Lovver Oligocene of Poland, and subsequently noted 
by Loeblich and Tappan (1964, p.C512, fig. 400), is almost identical with 
the present form, even to the presence of the apertural collar. 
Range: Assemblage Zones B-F. 
Genus CIl'HARINA d'Orbigny 1839 
Genotype Vaginul ina (Ci tharina) strigi lIa ta Reuss 
Cilharim\ cf. strigillata (Reuss) 1846 
Pi. 2, fig. 15. 
1846 Vaginul ina (Citharina) strlgi Iia t3 Reuss, p. 106, PI. XXIV ,fig. 29. 
1899 ___ '_1 _______ ...;;s;;.;t:.;.r..;.i.a.jg~i .;..;11..;;o;,.;;t=a Reuss; Egger, p. 101 , P I. X, 
fi 9S. 7, 9, 1 2. 
1928 
" " 
Reuss; Franke, p. 81, PI. VII, 
fig.21. 
1936 
" 
crikc:;dalensis Brotzen,pp. 94-5, PI. VI, 
fig. 3a, b. 
19G4 Cithorina strigillata Reuss; Loeblich & Tappan, 
pp. C514-6, Fig. 402.10. 
._--------_. -------~ 
, r 
l 
I 
Test flattened, long, slender and roughly triangular in outlinej 
chamber arrangzment uniserial, sl ightly arcuate; chambers narrow, 
obi ique, sutures distinct, obI iquej wall calcareous, smooth, wi th 
vertical costae which may mask the sutures; aperture radiate, situated 
in a terminal position on the outer edge of the test. 
Max. dimensions: Height 0.55 mm. Width 0.09mm. measured on a 
damaged tos t. 
Remarks: Reuss' original figur'e is by no mC:!ans ideal olthough it does 
reveal oil the necessary characteristics of the species. The erection 
of a new species by Brot7en (t 936) is considered to be unnecessary as 
the specimens he figures are believed to be synorvrrous with C.strigillata 
(Reuss). However it should be noted that Sliter (1968) includes 
v. eriksdalensis Brotzen in his synonymy of C. mu!ticostata (Cushman), 
a form described from the Gulf Coast of the U. S. A. 
Range: Assemblage Zones B-F. 
Genus CITHARINELLA t ... 1arie 1938 
Genot~'pe Flabellina Karreri Berthelin 1080 , 
Citharinella sp. A. 
PI.2, fig. 16. 
Test free, slightly compressed, flabelliform, margins sub-
angular to roundedj chambers slightly arcuate initially, rapidly becomin,9 
uniserial, low equitant arrongement strongly arched, slightly inflated 
in the later stages; 'sutures distinct, slightly depressed, curved strongly 
downwards; wall finely perforate calcite, smooth; aperture terminal, 
radia teo 
Max. dimensions: Length O. 71 mm. Width 0.49 mm. 
Remarl,s: This is rare species which was onl~1 enco' .• nter~d in the 
Quidhnmpton section. Th~ distinctive ar'rangement of the initial few 
chambers is similar to that of Citharina, as noted by Loeblich & 
Tappan (196 /-1-) in their discussion of the genus. 
Range: Assemblage Zone D. 
Genus DENTALINA Ri~so 1826 
Genotype Nodosarin (D,enta I inc) cU\lieri d lOrbi gny 1826 
Dentalinn catcnuln,. Reuss 1060 
PI.3, figs. 1 & 2. 
1860 Dentalinncntenula Reuss, p.185, PI. III, fig. 6. 
1899 Nodosaria 
" 
(Reuss); Egger, p. 61, PI. VI, fig. 24. 
1928 Dentalina 
" 
Reuss; Franke, p.26, PI. II, fig. 16. 
1934 
" 
!I Reuss; Brotzen, p.35. 
1940 
" 
II Reuss; Cushman, p. 81 , PI. 13, figs. 29-34. 
1968 
" " 
Reuss; Sliter, p.57, PI.5, fig. 1/-1-. 
Test rectilinear to slightly curved, initial end marked by the 
presence of a short spino; chambers pyriform, distinctly overlapping 
giving a slightly sub-globular appearance to earlier chambers; SLltuf'es 
depressed, horizontal, wide; wall smooth; aperture radiate, terminal, 
51 ightly off-centre. 
Max. dimensions: Length 0.89 mm. Width 0.20 mm. 
r~emarks: Dentalina catenula Rellss bears str'ong similarities to 
D. distincta Reuss, although the latter tends to have much more ovoid 
chambers. Cllshman (1940) notes that from a study of topotypic material, 
!2~ntnl ina 01 i.9.2~to9ia described in 1851 from the Cretaceous of Lemburg, 
again by Rellss, is the same as D. catenula. This would seem to suggest 
that, following the law of prior'ity, D. cntenula Reuss should possibly 
be placed in the synonymy of D. oligostegia Reuss, but without more 
detailed examination of type material the situation remains in some doubt. 
The specimen figured (PI.3 fig. 1) is the megall)spheric form, 
very simililr to that illustrilted by Cushman in t 940 (PI. t3, fig. 32). 
Rilnge: Assemblage Zones B-E. 
Dentalina meg~lopolitana Reuss.18SS 
PI. 3, fig. 3. 
1855 Dentalina megalopolitani:'!. Rew3s, p.267, PI.8, fig. 10. 
1925 Nodosaria \I (Reuss) jFranke, p. 83, PI. 3, fi g. 8. 
1931 Dentalina " Reuss; Cushman, p. 29, PI. 3, fig. 8. 
1932 
" " Reuss; Cushman & Jarvis, p. 29 
PI. 9, fig. S. 
1940 " " Reuss; Cushman, p. 80, PI. 13, 
figs. 26,27 (non f!g. 28). 
1944 
" " 
Reuss; Cushmiln & Deaderick, 
p.332, PI. 51, fig. 8. 
1944 
" " 
Reuss, Cushman & Goudkoff p. 56 
PI.9, fig.tt. 
.1946 
" " 
Reuss; Cushman, p.67 PI.23, 
figs. 2 Lf-2G. 
1954 
" " 
Reuss; Frizzell, p.89, PI.9, 
fi!]s. 60,61. 
1957 
" " 
ReusG; Pozaryska, p. 84, PI. 7, 
figs. 12,13, t. fig. 17. 
Test large, robust, slightly fusiform, beginning to tilper at 
both ends, gr'ealest width approximately mid-way along the test, elli-
psoid in transverse sectiol1; chambers num~rou5, uninfl~ted, indistinct; 
sutures horizontal to slightly oblique, flush with surface, ·final suture 
may become depressed; wall calcareous, thick and smooth; aperture 
radiate, produced slightly at the inner angle of the final chamber. 
Max. dimensionG: Length 3.89 mm. Width 0.56 mm. 
941 
I 
= 
Remar'ks: CLlzhman (19::0) describes, and illustrates, this particular 
species extremely well, although one of his figures (PI. 13 fig. 28) is 
bel ieved to be Nodosaria sr. A in the present study, due to the centr'al 
position of the aperture. It is also of note that the maximum length 
recorded in forms from the U. S. A. is 2.00 mm., whereas much larger 
examples may be found in the Engl ish succession. 
Range: Assemblage Zones A-F. 
1842 Nodosaria 
1846 
" 
1091 Dentalina 
1925 II 
1920 
" 
1937 II 
1941 II 
Dental ina cf. moni Ie (v. Hagenow) 10/.2 
PI. 3, fig. '1. 
moni IPo v. Hagenow, p. 568. 
" 
v. Hagenow; Reuss, p. 27, PI. VIII, fig. 7. 
" 
(v. Hagenow); Beissel, p. 31, PI. VI, figs. 30,32-IW. 
" (v. Hagenow); Franke, p. 34, PI. III, fig.l1. 
J: (v.Hagenow); Franke, p. 31, PI, II, fig. 27. 
II (v. Hagenow); Marie, p.264. 
II (v.Hagenow); Marie, p. 89, PI. XI, 
figs. 127-130. 
Test small, recti linear uniserial, tapering towards the initial end, 
circular in cross-section; chambers distinct, inflated, slightly overlap-
ping, increasing uniformly in size; sutures distinct, depressed, 
hort zontal to sl ightl y obi i que; wall smooth, finely perforate; aperture 
radiate, terminal to slightly off centre. 
Max. dimensions: Length 0.36mm. Wi9th 0.22mm. Measured on an 
jncompletc specimen. 
Remarks: The representatives of this species found in the present 
study compare very closely with that illustrated by Franke (1928, 
PI. II, fig. 27.) from the Upper Cretaceous of northern Germany. 
-The placing of the species within the genus Dentalina has been 
considered, as specimens are generally symmetrical with a centrally 
placed aperture, features associated with Nodosaria, which would 
verify vonHagenows' original classification. 
Range: Assemblage Zones D-F 
Dental ina nana Reuss 1862 
PI. 3, fig. 5. 
1062 Dentalina nana Reuss, p.39, PI. II, figs. 10, 18. 
1099 II II Reussj Egger, p. 64, PI. VII, 
figs. 18,21. 
1925 II II Reuss; Franke, p. 35, PI. III, ~ig. 19. 
1928 II II Reuss; Franke, p. 35, PI. 3, fig. 2. 
1929 II II Reuss; Storm, p.57. 
1934 
" 
II Reuss; Brotzen, p.34. 
1936 II II Reuss; Brotzen, p. 74, PI. V, fig. O. 
Test uniserial, slightly arcuate, fusiform; chambers distinct, 
obi ique, sl ightly inflated,more 50 in later stages; sutures flush with 
surface to ver~' slightly depressed, distinct, oblique; wall calcareous, 
smooth; aperture radiate, terminally positioned on the inner margin of 
the final chamber. 
Max. dimensions: Length 0.89 mm •. Width O. 21~ mm. 
with that illustrated by Brotzen (1936), and the larger size noted in 
. .J 
\ 
! 
Remarks: Specimens exnmined in this stud~' correspond very closely 
the present examples is not significant. 
Range: Assemblage Zones C-F. 
9/111 
Dente I ina pseudofi I ifol'rnis Brotzen 1936 
PI.3. fig. 6. 
1860 Dental ina fi I iformis Reuss, p. 188, PI. Ill. figs. 8,9. 
1936 II pseudofi I iformis Brotzen,PP. 77-0, PI. V,figs.3-S. 
Test elongate, slender, rectilinear to slightly curved,multilc-
c
'
_lIar; chambers narrow, almost tubular with very slight inflation, 
initial stages shorter, more globular, becoming elongate as chambers 
are added; sutures distinct, sub-horizontal, 51 i ghtly depressed; wall 
thin, smooth, calcareous; aperture radiate, terminal. 
Max. dimensions: Length 1.41 mm. Width 0.23 mm. 
Remarks: Reuss' type, figure of D. filiformis corresponds very closely 
to Brotzens (1936 PI. V, fig. I~), and therefore fi ts wi thin tho range of 
variation which Brotzen illustrates for his new species. This whole 
range has been encountered in the lower Senonian of southern E:::ngland 
and Brotzens wider interpretation is prefered. 
Range: Assemblage Zones C-F. 
Denta J ina cf. wimani Brotzen 1936 
PI.3, fig. 7. 
1936 Dentalina wimani. Brotzen, pp. 7G-7, PI.V, figs. 16, 17. 
Test, uniserial, rectilinear to slightly arCLlctte, proloculus 
marked at base by a short spine; chambers distinct, slightly oblique, 
gradually increasing in size, slender at basc; tiuturcs distinct, 5ub-
horizontal, slightly depressed; wall smooth, thin; aperture radiate, 
. 
terminally positioned on the innermost edge of the final chamber. 
Max. dimensions: Length 0.81 mm. Width O. 18 mm. 
Remarks: Specimens cor'rcspond "/ell w"lth Brotzens' '1936 PI V f"lg 1 r.) H \ ,.,. v, 
although the chambers are slightly larger in the present example, thus 
the trivial name is use,d Simply for comparison. 
Range: Assemblage Zone F. 
Genus FRONDICULARIA Dl3france in d'Orbigny 1826 
Genotype Frondicu laria invers() Reuss 1860 
Frondicularia angulosa d'Orbigny 1839 
PI. 3, fig.8. 
1039 Frondicul()ria anqulosa d'Orbigny, p.22, PI. I, fig. 39. 
1045 
1846 
1910 
1928 
1936 
1941 
___ "_______ '_' __ d'Orbigny; Reuss, p. 31, PI. XIII, fig. 40 
PI. VIII, fig. 78. 
___ "_______ '_' __ d'Orbigny; Reuss, p.l07,PI.X><IV,fig. 42. 
___ "_______ "__ d'Orbigny; Heron-Allen & Earlund , 
p./llS, PI.7, fig. 10. 
___ "_______ "__ d'Orbigny; Franke, p. 71 ,Pl. VI, fig. 13a, b. 
Frondicularia cf. angulosa d'Orbigny; Brotzcn, pp. 104-5 ,PI. VI, 
figs. 15, 16, 18, t. fig. 32. 
___ " __ --Ip!;;.,c.;;.d.;;;.;..;ic;;..e;..I:..;I.;:a~r...;.i~s Marie, p 126, PI. XV, fig. 181. 
Test consisting of a globular proloculus, with a small number 
of chnmbers tending towards the formation of an elongate form, edge 
of test squared, produced into two slight rims; chambers broad equitnnt, 
two vertical ribs present on the proloculusj sutures raised as low, 
.broad ribs; wall smoothj aperture terminal, rndiate. 
Max. dimensions: Length 0.92 mm. Width 0.35 mm. 
Remarks: The original figure illustrated by d'Orbig!1y in 1840 is prob-
ably that of a juvenile test, and gerontic stages mny well have been 
referred to as separate species. This is difficult to determine, nlthollgh 
large specimens have been recorded with only two chambers built on 
to the prolo::ulus. 
Range: Assemblage Zones A-F. 
Frondiculn!"ia archiaciana d'Orbigny 1840 
PI.3. fig. 9. 
, 
18LlO Frondicularia archiacianR d'Orbigny, p. 20. PI. I~ figs. 34-6. 
1845 11 II d'OrbignYi Reuss, p. 31 , P I. X III, 
fig. 29. 
1891 II II dlOrbigny; Beissel, p. 39, Pl. VIII, 
figs. 1-12. 
1899 II II dlOrbignYi Egger, p.87,pr.X, 
figs. 19, 20. 
1925 II 11 dlOrbignYi Franke, p. 52, PI. II, 
fig. 18. 
1928 II 11 d'OrbignYi Franke, p. 71, PI. VI, 
figs. 14, 15a,b. 
19L~6 11 11 d'Orbigny; Cushman, p.91 PI.37, 
figs. 0-20. 
1954 PS0udofrondicularifl. archiaciana (d'Orbigny); Frizzell, p.99, 
PI. 13 t figs. 6-0. 
1957 Frondicularia archiaciana dlOrbignYj Pozaryska, p. 137, 
PI.21, fig.3. 
1963 II II d'OrbignYi Graham & Church, 
p.31,PI.2. figs. 21-2. 
1968 " 11 dlOrbigny; Sli ter, pp. 5~-60, 
p.r.5, fig.2. 
Test elongate, tapering gradUally towa'\"ds the base, compressed, 
marginal edges truncate; chambers low, cqultant, incrensing gradually 
In sizej sutures distinct, 51 ightly ralsed~ becoming sigmoidal; wall 
smooth, proloculus bears three or more vertical costae" aperture 
. , 
radiate, terminal, slightly produced, with a short neck. 
Max. dimensions: Length 0.50 mm. Width 0.25 mm. Measured on a 
juvenile specimen/as complete adults have not been found. 
Remarks:. Sliter (1968) notes that Frondicularia archiaciana, as 
illustrated by Belford (1960), should not be included in d'O:'bignys' 
species due to the presence of fine longitudinal costae, which appear 
to be more typical of F. intermittens Reuss. This feature is also 
noted in F. archiaciana as figured by Hart (1970). 
Range: Assemblage Zone D. 
1860 
1946 
1951 
1957 
1968 
Frondicularia goldfussi Reuss 1050 
PI. 3, fig. 10. 
Frondicularia goldfu5si Reuss, p.192, PI. IV, fig.7a,b. 
Reuss; Cushman, p.87, PI. 3 I!. , 
figs. t 8-20, PI. 35, figs. t , 2. 
Reuss; Bandy, p. l~97, PI. 72, fiD. 6. 
Reuss; Pozaryska, p. 143, PI. 22, 
fig.4, PI.25, fig.3. 
II II 
II II. 
II II 
II II Reuss; Sliter, p. 61, PI.6, fig.4. 
Test broad, extremely compressed, maximum width developed 
after! of the length of the test, chambers very elongate, low in early 
stages with a slight inflation laterj sutures flush, equitant, ~Iightly 
limbate, proloculus extremely elongate, produced to a short basal 
spinej wall smooth, finely perforate; aperture terminal, radiate. 
Max. dimensions: Length O. 63 mm. Width 0.31 mm. 
Remarks: Reuss' (1860) original figure of F.' goldfussi, despite its 
styl ised appearance, is believed to be the microspheric generation 
of the species. Differences between this figur'e and the specimens 
examined are due to the majority of the latter being megalospheric 
forms. 
Range: Assemblage Zones C-E. 
1844 
1845 
1892 
1936 
1936 
1946 
1953 
1954 
195'1 
1966 
1968 
Frondicula.ria inversa Reuss 1844 
PI. 3, fi g. 11. 
~i 0 1 
Frondicularia inversa Reuss, p. 211. 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
" 
II 
II 
Reuss; Reuss, p. 31, PI. VIII, fi9S. 15-
19, PI.XIII. fig. 42. 
Reuss; Perner, p.59. PI. 7, fig. 9. 
Reuss; Brotzen, p.96, PI. G, fig. 12. 
RelJss; Cushman, p. 16, PI. 3, figs. 23,2!l. 
Reuss; Cushman, p. 86, PI. 33, figs. 11-18. 
Reuss; Hagn, pp. 63-l~, t. fig. e. 
Reuss; Frizzell,p. 90,PI.12,figs.31 ,32. 
Reuss; Pozaryska, p. 145, PI. 23, 
fig. 8, t. plate 3, fig. 1. 
Reuss; Butt, p. 172, PI. I. fig. 6. 
Reuss; 51 iter, p. 62, PI.6, fig. 6. 
Test palmate, elongate, very compressed, margins sharply 
rounded, maximum wi~th mid-way alpng lestj chambers low, elongate, 
later ones failing to reach the level of the proloculus, prolocullJs long, 
narrowj sutures flush with surface, equitant, straight to slightly curved; 
wall calcareous, smooth; aperture terminal, radiate. 
Ma". dimensions; Length 1.23 mrn. Width O.46rr.m. 
Remarks: F. inverse.'" and F. goldfussi do bear tlome I"esemblance to 
each other, however the failur~ of the later chambers to reach beyond 
r:nid-way down the test is fairly characteristic of the former. 
Range: Assemblage Zones C-D. 
Frondicularia schEmkei Brotzen 1936 
PI.3, fig. 12. 
1932 Frondicularia goldfussi Reussj Cushman, p. 336, PI. 50, 
figs. 8, 9. 
1936 ____ "___ s;;..c=.h;..;.;;.e.:...:n.;..;k:.;:e~i Brotzen, p.l00, PI. VI, fig. 11. 
Test broadly palmate, margins truncated, expanding rapidly 
from the proloculus;chambers flat, elongate, broad equitant, slightly 
convex, pr:'oloculus globular,. ornamented by three or more radiating 
costae; sutures becoming limbate; wall smooth, fairly robust,aperture 
terminal, radiate. 
Max. dimensions: Length 1.08 mm. Width 0.83 mm. 
Remarks: A rare form in southern England which is also poorly 
recorded in other European sections. 
Range: Assemblage Zone C. 
Frondicularla strintula Reuss 1 041~ 
PI. 3, fig. 15. 
1844 Frondicularia stria tula Reuss, p. 212. 
1845 " 
1846 
" 
1925 
" 
1928 
" 
1936 
" 
1946 
" 
1957 
" 
195" II 
" 
" 
" 
II 
II 
II 
II 
II 
Reuss; Reuss, pp.30-31 ,PI.VIII, 
fig. 23. 
Reuss; Reuss, p.107,PI. XLIII, 
fig.11. 
Reuss; Franke, pp.51-2,PI. 4, 
fig. 15. 
Reuss; Franke, pp. 67-8, PI. 6, 
figs. la, b,2. 
Reuss; Cushman, p. 18, PI./~, figs. 4,5. 
Reuss; Cushman, pp. 90-1 , Pl. 37, 
figs. 1 -4. 
Reuss; Hofl,er', p. 109, t. fig. 109c-d, 
p. 152, t. fi g. 183a-f. 
102 
Reuss; McGugnrl, p.333, PI 31 ~'Ig 1 r) 
• ,. • LI. 
Test large, ,'obust, elongate, margins distinctly truncated, 
chambers low, not expanded, equitant, straight, sutur'es rai:3ed, 
distinctly limbate, straight; wall robust, !ongitudinal striations run-
ning the length of the test; aperture terminal, radiate. 
Max. dimensions: Length 1. 32mm. Width O.54mm. Measured on an' 
incomplete specimen, broken at both ends. 
Remarks: The distinctly truncated edges of this species, with the 
longitudinal striations, make it very distinctive, althollgh it has 
only been noted in occasional samples from No;"folk and E~sex. 
Range: Assemblage Zone A - AElsemblage Zone F. 
Frondicularia sp. A 
PI.3, fig. 13. 
Test large, sides sub-parnllel, gradually increasing in size 
fl"om the base, margins rounded, di stinctly ell ipcoidal in transverse 
section; chambers indistinct, flat, chevron arrangement; sutures 
Indistinct, flush with surface; wall robust, smooth, Internally septa 
raised; aperture not seen in full specimen, appears to be terminal 
and radiate in younger chambers. 
Ma><. dimensions: Length 1. 18 mm. 
incomplete specimen. 
Width 0.65 mOl. Measured on an 
Remarks: This species, easily identified by its smooth external 
appearonce and distinctive cross-section, has been noted at levels 
thrOlJghout the present Eltudy, and also in older material from the 
Turonian. 
Range: Assemblage Zones A-F. 
I 
Frondicularia sp. C. 
PI. 3, fig. 14. 
Test extremely large, wedge-shaped increasing unifor'mly in 
size, margins sharply truncated; chambers equitant, uninflatedj sutures 
slightly limbate, chevron type arrangement; wall robust, calcareous, 
smoothj aperture rarely seen in complete specimens, appears to be 
centrally terminal, radiate. 
Max. dimensions; Length I~. 02 rnm. Width 0.81 mm. Measured on an 
incomplete specimen, broke!1 at both ends. 
Remi'l.rks: Species is extremely close to Frondiclllaria ~triotl!l<l Reuss, 
in gross morphology and size, however the lack of a longitudinal striate 
ornament makes the present form distinct. 
Range: Assemblage Zones A-F. 
Genus LAGENA Walker & Jacob in Kanmacher 1798 
Genotype Serpula (Lagena) sulcata Walker & Jacob 1798 
Lagena ell ip50idal is Schwager 1878 
1870 Lagena ellipsoidalis Schwager, p.512, PI.1, fig.l. 
1899 
1936 
" 
II 
II 
II 
Schwager'; Egger, p. 102, PI. 5, fig. 1. 
Schwager; Brotzcn, p. 110, PI. VII, fig. 4, 
t. fig. 36. 
Test free, ellipsoidal, globular, unilocular; chamber ovoid, 
with small central spine at the base; wall calcareous, smooth to 
irregular; aperture simple, at the end of Q centrally positioned, short, 
smooth apertural tube. 
Max. dimensions: Length 0.37 mm. Width 0.28 mOl. 
Range: Assemblage Zones A-F. 
Lagena hispida Reuss 1863 
PI. 4, fig. 2. 
1863 Lagena hispida Reuss, p.335, PI. VI, figs. 77-9. 
1925 
1928 
1931 
1941 
1941 
1941 
1946 
1949 
1953 
1957 
1968 
II 
II 
II 
II 
II 
II 
II 
II 
II 
" 
II 
II 
II 
" 
II 
II 
II 
" 
" 
II 
" 
II 
Reus!::; Franke, p.60, PI.5, fig. 5. 
Reuss; Franke, p.88, PI.8, fig. 6. 
Reuss; Cushman, p. 37, PI.5, fig.6. 
Reuss forma typica Franke; Marie, p.76, 
PI. 9,· fig. 89. 
Reuss var. subspaerica Marie, p.77. PI. 9, fig. 90. 
Reuss var. ovoidea. MariE', p. 77, PI. 9, fig. 91. 
Reuss; Cushman, p. 93, PI.39, fig. 13. 
Reuss; Cushman, p.6, PI. 3, fig. D. 
Reuss; Hagn, p.60, PI.2, fig.31. 
Reuss; Pozarysk<l, p. Ll7, PI. 2, fig. 0, 
(non PI.3, fig.3.). 
Reuss; Sliter, p.64, PI.6, fig.21. 
Test free, small, globular to slightly ovoid, with a short apert-
ural neck; unilocular; wall calcareous, finely perforate, distinct 
spinose ornament covering whole test; aperture terminal, simple. 
Max. dimensions: Length 0.34 mm. Width 0.32 mm. 
Remarks: An uncommon species in the present study, nlthou9h widely 
discussed elsewhere, Sliter notes that in" the past some authors have 
placed incomplete specimens of other species into this group; this 
includes !:-agena hispida Reuss of Pozaryska (1957, PI. 3, fig. 3. ). 
Range: Assemblage Zone D. 
Lagena isubella d'Orbigny 1840 
PI.4, fig.3. 
1840 Lagana isabella d'Orbigny, p.20, Pl. V, fig. 26. 
1878 II II d'Or'bigny; Marsson, pp.120-1. 
1925 .. II d'Orbigny; Franke, p.60, Pl. IV, fig. 40. 
1928 II II d'OrbignYj Frilnke, p.87,PI.VIII,fig.1. 
1936 II .. d'Orbigny; Brotzen, pp. 111-2, PI. VII, 
fig. $, t. fig. 37. 
Test free, normally unilocular but may possess a second indis-
tinct chamber, globular, ovoid, base rounded, may be prodLlced into 
a short, cantrill spine; wall calcareous, finely perforate with numerous 
longitudinal ribs, commencing below the neck and passing round to 
the base; aperture simple, round, situated at the end of a slend l3r 
apertura I tube. 
Max. dimensions: 1en9th 0.47 mm. Width O:Z7mm. 
Remarks: A species extremely similar to Lagena acuticostu Reuss, 
and when the variation in morphology illustrated by Brotzen (1936, 
t. fig. 37) is taken into consideration the species ilre probably con-
specific, L. isabella having priori t~'. 
Range: Assemblage Zones A-F. 
Genus LENTICULINA Lamark 1004 
Genotype Lenticul ina rotulatu Lamark 1004 
Lenticul ina ovalls (Reuss) 1 C4/i 
PI. 4, fig. Ii. 
1B44 Cristelluria ovalis Reuss, p. 213. 
18l~5 II 
" RellssjReuss, pp.34-S, PI.VIII, 
fig.49, PI. Xll t fig, 19, PI. XIII, figs. 60-63. 
(tYPl'! figs. ) 
1865 II II 
1866 II II 
1872 11 II 
1874 II II 
1882 II II 
1925 II II 
1928 II II 
1935 Robulus cf. oval is 
195:\ Lenticul ina 11 
1957 II II 
1 963 II II 
1968 II II 
Reuss; Eichwald, p. t 84. 
ReussjReuss, p.1/~1. 
Reussi Jones & Parker, p. 123. 
Reuss; Reuss, pp. 103-4, PI. II, figs. G-". 
Reussj Jones, p. 15 (5ynonomy only). 
Reuss; Franke, pp.67, 72. PI. VI, figs. 3a,b. 
Reuss; Franke,pp. 96,107-8, PI.X, 
fig. 1 a, b. 
(Reuss); Eichenberg, p. 155, PI. 16, fig. 6. 
(Reuss); Hagn, p. 3G, PI. 3, fig. 6. 
(Reuss); Pozaryska, p. 126, PI. 15, fig. 4. 
(Reuss); Graham & Church, p. 35, PI. 3, 
figs. 12,13. 
(Reuss); 51 iter, pp. 66-7, PI. 7, fig. 12. 
Test, sub-tria.ngular, lorge globular initial chamber onto which 
smaller chambers are added planispirallYj chambers indistinct, apart 
from large proloculusj sutures flush, slightly curved; wall finely per-
forate, smoothi aperture radiate, situated at per'ipheral apex of final 
chamber. 
Max. dimensions: Length 0.6emm. Width O. 42mm. 
Remarks: A common, long-ranging species In this country noted as 
Lenticul ina gaul tinn (Berthel in) form oval is by Hart (1970) from the 
Middle Albian to Lower Turonian, and as Lenticul ina ovalis (Reuss) 
by Owen (t 970) from throughout the Turonian. 
Range: Assemblage Zonc~ A-F. 
• w~ i J 
Lenticul ina rolu la ta 5. I. (Lamark) 1004 
PI.4, figs. 5,6,7. PI. 15, fig.l. 
1804 Lenticulites rotulata Lamark, p. 185. 
1806 " 
" 
Lamarkj Larmark, PI. 62, fig. 11 
------------
1840 Cristellaria 
" 
(Lamark); d'Orbigny, p.26, PI. II, figs. 15-18. 
(Lamark)j Reu3s, p. 34, PI. VIII, figs. 50, 70. 1845 
1846 
1891 
1899 
1925 
1928 
" " 
PI. X II, fig. 25. 
__ '_' ______ ,_,_ (Lamark)j Reuss, p. 109, PI.XXIV,figs,48A9. 
__ '_I ______ '_' _ (Lamnrk) j Beissel, p. 55, PI. X, figs.20-/.J.3. 
__ 1_1 ______ 1_1_ (Lamark); Egger, p.122, PI. XI, figs. 3,4. 
'._' ______ '_' _ (Lamark); Fr'nnke, p.72, PI. VI, fig. L~. 
__ '_' ______ '_'_{Lamark}j Franke, p.lOD, PI.X, fig.2. 
1941 Lenticul ina rotulata Lamark; Marie. 104-5, PI. X, figs. 1 t 1-2. 
1946 __ '_' ______ '_' _(Lamark); Cushman, p.56, PI. 18, fig, 19, 
PI. 19, figs. 2-7. (non fig. 1. ) 
1957 
" 
(Robulus) rotulata (Lamark); Hofker, p.129, 
t. figs. 147:"8. 
1962 __ I_I __ .:...r..;;;o...;.tu;;.;..;la.:...t~a:..-_ (Lamnrk); Jefferies, PI. 79, fig. 23. 
1964" " (Lamark);Loeblich & Tappan, pp.C519-
520, t. fig. 406. 1. 
1967 
" 
(Lenticulina)rotulata (Lamark); Marks, p. 431, t. fig,3A· 
Test free, large, lenticular biumbonate, may become asymmetrical 
rarely, margins sharply angled, often carinate, planispirally coiled; 
chambers subtriangular in section, e>:panding uniformly in size, dis-
tinct; sutures sl ightly curved, normally flush, may become slightly 
limbate; wall smooth, devoid of ornament, centl"al umbilical boss may 
be developed; aperture radiate,'on peripheral margin of final chamber, 
short apertural neck rTlaY be present. 
,... 
Max.dimensions: Diameter 2. 11 mm. Thickness 1. O/~ mm. 
Remarks: An extremely common species ..... hkh is also very variable 
in gross morphology. The actual definition of morphological variation 
is unclear, and the group can be considered as a broad r.:mge of 
minor variants. The more important variable characters are illus-
trated (PI. 4:3), including the development of more nodose 
sutures and the presence of a central boss. The asymmetrical develop-
ment of the group is also a proble':!, in a taxonomic discussion at the 
species level. 
Range: Assemblage Zones A-F. 
Lenticul ina sp. A cf. L. pseucionavicula (Marie) 
PI. 4, fig .. 8. 
1941 Saracenaria pseudonClvicula Marie, pp. 110-1, PI. X, figs. 113-1~. 
Test free, lenticul ine, planispiral, distinctly asymmetric, 
margins sharply acute; chumbers subtriangular, distinctj sutures 
straight to sl ightly curved, flush with surfucej wall calcureous, 
smooth; aperture on peripheral nlurgin of final chamber, radiate. 
Max. dimensions: Diameter 0.62 mm. Thickness" O. 29 mm. 
Remarks: A species very similar to the L. rotuluta group, showing 
a distinct asymmetric development in the later chambers,although not 
reaching the stage ut which the test becomes uncoiled, a feature charact-
eristic of the genus Saracenaria. 
There exists considerable confusion with regards to the separ-
ation of the Lenticul ina and Saraccnaria lineages, a situation not 
helped by the erection of the species t'stacolus jarvisi by Brotzcl1 
(1936), for a syntypic sllite with a distinct range in shupe between the 
two former genern. 
==::::::================================:;;::::;:========'l-l'Fr-r~ 
D 'Orbigny (1840) i Ilustra tes Cristellaria navicula wi th a dis-
tinctly lenticul ine form, and C. triangularis which is becoming un-
coiled. Maries' Saracenaria pS0udonavicula is lenticuiine, and simply 
a slight variant of C. navicula d'Orbigny. It is here placed back in 
• 
the genus Lenticulina, on the basis of overall shape.Brotzen (1936) 
erected the species Astncolus jarvisi although he failed to define a 
holotype, as his description is based on a syntypic suite of morphol-
ogical variants. Following the law of priority, his first figure (t 936, 
PI. 3, fig. 5.) is used as the holotype. This specimen has a broad 
apertural face and is totally planispiral, whereas the second specimen 
illustrated by Brotzen (PI.3, fig. 6.) is clearly uncoiled and rectilinear 
in its final stages. As such, it falls within the definition of Sar'ncenari<:!.. 
Brotzens'third example' (PI. 3, 'fig. 7.) is a lenticuline form, similar to 
C. navicula d'Orbigny. 
Due to this confusion created by Brotzen, ,Saracenar'ia jarvisi 
(Brotzen) as defined by 51 iter '(1968) Is incorrect. His figure (PI. O. 
fig. 22) shows a form which is becoming rectll inear in its later sta900s, 
and is stated in fact to be conspecific with figure 6. Brotzen. As al-
ready discussed, this is probably a Saracenari9., but cannot be ~,jarvisi 
as the name is occupied by the specimen illustrated in figure 5. Sliter 
has also labelled his figures of S. jnrvisi wrongly in the text, which 
does not help to clarify the problem. 
Range: Assemb I age Zones B - F. 
Lenticul ina sp. B. 
PI.4, fig. 9. 
Test free, asymmetrically planispirnl, the finul chambers becom-
ing distinctly elongate, margins acute; chambers sub-triangular, increas-
ing rapidly in size; sut,ures flush with surface, indistinct; wall calcareous, 
smooth; aperture radiate, terminal on apical point of final chamber. 
Max. dimensions: Height 0.62 mm. Width 0.32 mm. 
Remarks: An uncommon form showing an extremely asymmetric 
development of the final few chambers. However, thl'.!re is no 
evidence of any uncoiling, and the species is left within the genus 
Lenticul inn. 
Range: Assemblage Zone C. 
Genus MARGIf'-JULINA dlOrbigny t 826 
Genotype Marginul ina raphanlJs d'Orblgny 11326 
Marginulina bulJata Reuss 18/*5 
PI. I~, fig. to. 
1845 Marginul ina bu lIata 
1860 
" " 
1070 II 
" 
1078 Cristellarin 
" 
1899 Marginul inn 
" 
1925 II 
" 
1928 
" " 
1929 
" " 
1936 II 
" 
1946 _____ '_' _________ " __ 
1951 II 
" 
1953 II 
" 
1957 ______ 11 _________ " ___ 
1968 _____ '_1 _________ " ___ 
Reuss, p.29, PI. XIII, figs. J/}-O. 
Reuss; Reuss, p. 61, PI. VI, fig. 6. 
Reuss; Kat'rep, p.177. 
(Reuss); Marsson, p.142. 
"Reuss; Egger, p.95, PI. IX, figs. 9,10,12,13. 
Reuss; Fr'anke, p.55, PI. IV, fig. 25. 
Reuss; Franke, p.76, PI. VI, fig. 28. 
Reuss; Storm, p.57. 
Reuss; Bro tzen, pp. 62-3, PI. IV, fi 9. 1 a-c, 
t. fig. 19. 
Reuss; Cushman, p.62, PI.21 ,figs.32-37. 
Reuss; Bandy, p.498, PI. 72, fig. 13. 
Reuss; Hagn, p.4q Pal. 4, fig.1. 
Reuss; Pozaryska, p.l06, PI. 12, fig. 6. 
Reuss; 51 iter, p. 70, PI.O, fig. 7. 
(non fi g. 6. ) 
0: 
I 
I 
J I 
1\ j ~ 
, 1 
1\ 
11 
Il 
. II 
Ii 
J 
I 
I 
I t 
I 
',i 
Test free, slightly arcuate, initial chambers coiled, later 
stages becoming more uniserial, circular in transverse section; 
chambers initially small, rapidly inflating to become globular, later 
chambers remaining the same size; sutures slightly depressed; wall 
smooth, finely perforate; aperture radiate, often at the end of a 
short apertural tube, on the uppermost surface of the final chamber. 
Max. dimensions: Length 0.54 mm. Width 0.34 mm. 
Remarks: A very variable species, which seems to exhibit diffel"-
ences in the number of inflated sub-spherical chambers present in 
the recti I inear sta~e. 51 iter (1968) suggests two distinct forms de-
pending on this variation in the number of inflated chambers, although 
it is noted that he retains them as one species. This is a policy which 
is followed here. 
Range: Assemblage Zones C-F. 
Marginul ina sp. cf. M. compressa (d'Orbigny) 1840 
PI. 4, fig. 11. 
1840 t.:1arginulina compressa d'Orbigny, p.17, PI. I, figs. 18,19. 
Test free, elongate, arcuate, very compressed, ovoid in cross-
section, margins f'ounded; chambers oblique, unlflated, fairly com-
pressed; sutures flush with surface of test, oblique, slightly sigmoidal; 
wall smooth, finely perforate; aperture radiate, positioned terminally. 
Max. dimensions: Length 1.21 mm. Width 0.39 mm. 
Remarks: This species corresponds very closely to dlOrbignys' 
original description of M. compressn, although it shows some 
variation in width when compared with his stylised illustration. 
A simi lar~ species was described by Brotzen (1936), and 
referred it to Planularia richteri. However, one of the character-
istic features of the genus Planularia is a carinate margin, whereas 
P. richteri is rounded. It is bel ieved therefore, that Brofzen::;' 
species may be conspecific with Marginulina sp. cf. [v1. compressa. 
Range: Assemblage Zones A-D. 
Marginul inri sp. A 
PI. 4, fig. 12. 
Test large, elongate, compressed, slightly arcuate; chambers 
indistinct, ovoid in section; sutures flush to very slightly limbate, 
sub-horizontal to oblique; wall robust, smooth, perforate, calcareous; 
aperture radiate, terminal on the,outer periphery of the final chamber. 
Max. dimensions: Length 2.02 mm. Width 0.50 mm. 
Remarks: A lal'ge distinctive form, which although common, is of 
little stratigraphic value as it ranges thl~oughout the Coniacian and 
lower Santonian of this country. 
Ru.nge: Assemblage Zones A-F. 
Marginulina sp. B. 
PI.4, fig. 13. 
Test largo, broad, slightly arcuate with ::;harply rounded 
margins; chambers low, slightly oblique, strongly comr>ressed; 
sutures flush to slightly depressed, slgmoid:!l, indistinct; wall thid;, 
finely perforate, smooth; aperture terminal, situated on the lIpper-
most point of the peripheral margin, radiate. 
Ma><. dimensions: Length:. 43 mm. Width 0.73 mm. 
Remarks: Similar to the form which Sliter (1968) records as 
AstucolU5 sp. (P. 55, PI. 5, fig. 5), al though the present spocies is 
believed to be coiled initially <lnd is therefore included in the genus 
t1arginul in",. 
Range: Assemblage Zones A-F. 
Genus NEOFLABELLINA Bartenstein 1948 
Genotype Flabell ina r'ugosa dlOrbigny 18'W 
Neoflabellina baudouiniana (dIOrbigny) 1040 
PI.L~J fig. 14. 
1840 Flabell ina baudouiniana d IOrbigny, p.24, PI. II, figs. 8-11. 
1845 
1853 
1910 
1925 
1920 
t 940 
II 
II 
II 
" 
" 
II 
" 
" 
" 
" 
II 
II 
t 953 NeofIRbell.:..;.in..:.:;a=--_II. ____ _ 
dlOrbignYj Reuss, p. 32, PI. VIII, fig. 36a,b. 
dlOrbignYj Bronn, p. 82, Pl. 29, fig. 20 a,b. 
d'OrbignYj Heron-Allen fs Earland, 
PI.8, fig. 4. 
dlOrbignYi Franke, pp. 63, 65, PI. 5, 
fig. 15. 
dlOrbignYi Franke, p.94, PI. 8, fig. 16. 
d'O .. 'bignYj Wedekind, pp. 180-1, t. fig. 2a-c. 
(dIOrbignY)jPozaryska, pp. Z62-3, 
t. fig. 1 On, b. 
1958 II II (dIOrbignY)j Witwicka, PI. 0, fig. 1. 
----------------------
'1970 (d'OrbignY)j Porthault, in Donze et ai, 
----------------------
II II 
p. 54, PI. 0, fig. 6. 
1970 I--'!eoflnbcllina Rff. baudouiniana (d'OrbignY)j Porthault, in Donze 
ot al. p. Sit, PI.O, fig. 9. 
Test freo, often large, pulmClte with an initial planispirnl enrolled 
section, becoming uncoiled in the later stageSj chamber's initially Clrc-
shaped, flat sided, with truncated mal'gins, IClter becoming more broadly 
cquitant; sutures distinct as sharply raized ridges; wall perforate calcite, 
normally smooth, occasional development of small nodes CJ:1 the sides, 
mid-way between the suturesj aperture terminal J at the end of a short 
apertural neck. 
Max. dimensions: Length 2. 16 mm. Width 1.60 mm. 
Remarks: Owen (1970) recorcled this species as being distributed through-
out the Turonian of southern England,although the original description 
was from Campanian material. The suggested overall range is therefore 
much longer than that recorded in the present study. 
Porthaul t (1970) records, as a separat? group, those forms which 
are extremely ornamented and large, although these are thought to be 
simply gerontic stages I iving in a favorable environment. 
Included within this group are specimens which lack the very dis-
tinctive ornament and septal ridges typical of the species. The sutures 
in these individuals are becoming limbate, but do not exhibit the sh~rp 
nature of the true N. baudouiniana' as figured by dlOrbigny (10/-l0). 
The wall is also much smoother, lacking the development of any form 
of sculpture. 
Range: Assemblage Zones A-F. 
Neoflabell ina del toidea (Wedekind) 1940 
PI.4, fig. 15. 
1940 Flabellina deltoidea Wedekind, pp. 106,190, 194, figs. 3,4,6. 
1940 ___ " ____ " ___ mute paehydi sea Wedekind, p. 186-191, 
figs.3a-c, 4a-c. 
1956 Ncoflabell ina deltoidea (Wedekind); Hi I termann & I'<och, p.37 
1962 II II 
1970 II II 
fig. 4. nO 1-6, PI. 1,2, fiS.2. 
(WedekincJ); Hilt~rmann & Koch, p. 308, PI.48, 
fi g. 12. 
(Wedekind}; Porthaul t, in Donze et ai, 
pp. 54,5. PI.O, figs. ,~, 5. 
.. 
Test free, broadl~' pulmato, compressed, rhomboid in outline, 
initial planispiral coil weakly developed, totally enclosed by later 
chambers; chambers distinct, flat, initially sub-triangular later be-
coming broadly equitantj sutures distinct, sl ightly raised to form 
septal ridges; wall finely perforate, normally smooth, occasional 
development of small nodes on the side faces; aperture terminal, a 
short apertural neck is frequontly developed, radiate • 
. 
Max. dimensions: Length O. 65 mm. Width 0.49 mm. Measured on an 
Incomplete specimen. 
Remarks: Wedekinds l species has not been further divided into sub-
species in the present study as most of the material was not sufficiently 
well preserved. However, Porthault (1970) states that there are in-
sufficient differences in Wedekinds sub-species to allow for their 
separation. 
Range: Assemblage Zones C-F. 
Neoflabellina praerugosa Hil termann 1952 
PI. 4, fig. 16. 
1952 Neoflabellina praerugosa Hiltermann, p.53, fig.3, no. 12,13. 
1962 II II Hiltermann; Hiltermann u Koch, 
pp. 307-8, Pl. 49, fig. 12. 
1966 II II Hiltermann; Salaj & Samucl, p.133, 
PI. 27, fi g. 21 • 
1970 II Hiltermann, Porthault, in Donze et ill. 
pp. 52-3, PI. a, fig. 7. 
Test free, Initial portion plilnispirally coiled later becoming 
rectlllncilr, compressed, margins truncilted with a slightly rilised rimj 
116-
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chambers ini tially sub-triangu lar later becoming equi tant as the test 
becomes uncoiled, sutures distinct, marl<ed by sharp raised ridges, 
separated in the centre by a remant apertural neck; wall finely pcr-
forate, small nodes rarely developed on some early chambers, normally 
smooth; aperture terminal, with the development of a shor·t neck, finely 
radiate. 
Max. dimensions: Length 0.67 mm. Width O. SO mm. Measured on a 
sp~cimen broken at the apertural enq. 
Remarks: This species is distinct from N. del toidea (Wedekind) in that 
the initial planispiral section is not fully enclosed by the development 
of later chambers. 
Its' distribution appears to be of some importance as it is first 
found early in the Coniacian, and is consistant throughout this stage, 
becoming rare in the lower Santonian and developing eventually into 
N. rugosa (d'Orbigny) early in the Campanian. 
Range: Assemblage Zones A-F. 
Genus PLANULARIA Defrance in De Blainville 1626. 
Genotype Peneroplis auris Defrance In De Blainville 1826 
Planularlci. Ilebusi Brotzen 1936 
PI.5, flg.l. 
1936 Planularia liebusi Br'otzen, pp. 60-1 , PI.IV,figs.5a,b, 6a,b, 
t. fig. 18. 
Test free, broadly arcuate, compressed, margins truncated, edges 
rounded; chambers flat, compressed, distinctly oblique, slightly curved; 
sutures oblique, slightly limbate, sigmoidal in early stages later becom-
ing arc-like; wall smooth, rare indications of longitudinal ornament, 
real ised as small gaps in the raised sutures; aperture radiate, terminal, 
on the peripheral margin of the final chamber. 
Max. dimensions: Length O. 67 mm. Width 0.34 mm. 
Remarks: Brotzen fails to distinguish a useful range for thi:3 species, 
although he suggests a distribution which terminates in the Turonian. 
This is not believed to be the case as numerous examples have been 
found throu9hout the interval under consideration. 
Range: Assemblage Zones B-D. 
Genus PSEUDONODOSARIA Boomgaart 1949 
Genotype Glandul ina discretq, Reuss 1850 
Pseudonodosaria obesa (Loebl ich & Tappan) 1955 
PI. 5, fig. 2. 
1955 Rcctoglandul ina obesa Loebl ich & Tappan, p. 5, PI. 1, figs.5a-6. 
1963 II II Loebl ich & Tappan; Graham & Church, 
p.46, PI.5, fig.l. 
1964 Pseudonodosaria II (Loebl ich & Tappan); Loebl ich & Tappan, 
pp. C522-4, fi g. '~08. 5,6. 
1968 ___ 1_1 ______ 1_1_ (Loeblich & Tappan); Sliter, p.72, PI. a, 
fig. 17. 
Test free, uniserial, robust, the widest point falling slightly above 
the mid-point of the test, base pointed, widening out rapidly; chambers 
very strongly overlapping, becoming very globular in later stages; 
sutures horizontal, flush to very sl ightly depressed, distinct; wall 
perforate, smooth; aperture terminal, central, distinctly radiate. 
Max. dimensions: Length 0.43 mm. Width 0.2.9 mm. 
Remarks: First described from the Campanian Ozan sands of Arkansas 
U. S. A., the appearance of this species in the lower Santonian of this 
countr~' is unusual, and also extremely rare. 
Range: Assemblage Zone E. 
.. 
11 
Genus SARACENARIA Defrance in De Blainville 1824. 
Genotype Saracenaria ital ica Defrance 1824. 
Saracenaria trianf)ularis (d'Orbigny) 1840 
PI. 5, fi g. 3. 
1840 Cristellaria triflngularis d'Orbigny, p.27, PI. 2, figs. 21,22 
1045 
" " 
d'Orbigny; Reuss, p. 34, PI. VIII, fig. 48. 
1854 ______ "__________ '_' ____ __ 
1862 II II 
1878 II II 
1891 
" 
II 
1899 II II 
1910 II II 
1912 II II 
1929 Saracenaria II 
1941 II II 
1941 
" " 
d'Orbigny; Reuss, p.68. 
d'Orbigny; Reuss, pp. 70, 93. 
d'Orbigny; Marsson, p. 144. 
d'OrbignYj Beissel, p. 53, PI. X, figs. 1-9. 
d'OrbignYj Egger, p. 117, PI. 12, 
figs. 5,6. 
d'OrbignYj Heron-Allen & Earland, 
p.421. 
d'OrbignYj Franke, p.279. 
(d'OrbignY)j Cushman & Church, p.505, 
PI. 37, figs. 13, 14. 
(d'OrbignY)j Cushman & Hedberg, p. 08, 
PI. 21, fig. 35a,b. 
(d'Orbigny); Marie, p. 111, PI. X, fig. 115a ,b. 
1944 _____ '_' ________ '_1 ___ (d'Orbign~'); Cushman, p. 8, PI. 2, fig. 5. 
1946 II II (d'OrbignY)j Cushman, p. 58, PI. 28,fI9s .1-3. 
1951 II " (d'OrblgnY)j Bandy,p. '~94,PI. 72,fig.11. 
1953 
__ '_I _____ 11___ (dIOrbi9n~/)j Hagn, p. 52, PI. 6, fig. 4. 
1963 
___ '_' ______ '_' ____ (Br-otzcn); Graham & Church, p. 46, PI. 5, 
f i 9.13. 
1960 ___ '_' _____ "___ (d'Orblgny); Sliter, p. 74, PI. 9, figs. 3, 4. 
.. 
Test free, initially planispiral, later tendency to become uncoiled, 
margins acute, periphery occasionally carinate, triangular in trans-
verse section; chambers distinct, increasing rapidly in size, very 
broad apertural face, widest at inner margin; sutures distinct flush 
to very sl ightly constricted; wall finely perforate, smooth; aperture 
radiate, terminal on peripheral margin. 
Max. dimensions: Length 0.81 mm. Width 0.56 mm. Width of apertural 
face O. 1~4 mm. 
Remarks: As has been pointed out previously there is some confusion 
between the present species and the Astacolus jarvisi (Brotzcn) group. 
It is thought that S. triangularis (dIOrbigny) is distinct on the basis of 
its triangular transverse section, whereas Astacolus is defined as 
being compressed. The broad apertural face, with its widest point at 
the base is also characteristic of the present species. 
Range: Assemblage Zones A-F. 
Genus VAGINULINOPSIS Silvestri 1904 
Genotype Vaginulina soluta Silvestri var. carinata 
Si Ivestri 1890. 
Vaginul in ops is sca lariformls Porthaul t, in Donze 
et al 1970. 
PI. 5, fig.4. 
1970 Vaginul inopsis scalariformis Porthaul t, in Donze et ai, pp. 51-2, 
PI.O, figs.l,2, t.fig. 3a,b. 
Test large, compressed ovoid in cross-section, initial portion 
tight planispiral coil, rapidly becoming rectilinear, uniserialj chambers 
distinct, low; sutures distinct, sub-horizontal to sigmoidal, marked 
by very characteristic transverse septal ridges, which appear to pass 
all around the circumference of the test; wall robust, calcareous, 
smooth; aperture radiate, terminally positioned on the peripherul 
-.,--~ 
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dorsal angle of the final chamber. 
Max. dimensions: Length 1.49 mm. Width 0.56 mm. 
Remarks: This species, only recently described from southern 
France by Porthaul t (1970, 1974), appears to be fairly restricted 
in its stratigraphic distribution. Porthault was not able to ascertain 
the full extent of its range and places it well within the lower Santon-
ian. In the U. K. successions the first appearance of the species may 
be somewhat earlier, in the upper part of the Coniacian. As this 
appearance is also fairly consistant this species is of limited 
regional stratigraphic value. 
Range: Assemblage Zones C-F. 
Family POLYMORPHINIDAE d'Orbigny 1839 
Subfami Iy POL YMORPHININAE d'Orbigny 1839 
Genus GLOBULINA d'Orbigny in de la Sugru 1839 
Genotype Polymorphina (Globul inc) gibba d'Orbigny 1026 
Globul ina lacrima Reuss 1045 
PI. 5, fig. 5. 
1845 Polymorphina (Globulina) lacrima Reuss, p.40, PI. 12,fig. 6. 
1891 ___ II___ --Jpt;.;r:...;o::;.:.;te::.;:u~s Beissel, p.59, PI. 11, figs. 1-6, 
PI.13, fig. 03, PI.12,figs.9-16 (non 13) 
1930 ___ " ___ --=..:Ia;.;:c::.;:r...:i.!.:m.:.:;a~ Reuss; Cushman & Ozawa, p. 77, PI.13, 
figs. 1 ,2. 
19L~G Globulina II (Reuss); Schijfsma, p.66, PI. 7, fig. 2. 
1946 ___ '_' ____ ---.;'.:..' __ (Reuss); Cushman, p. 96, PI. 40, figs. 11,12. 
1957 
___ '_' _____ " __ (Reuss); J-:fofker, p. 170, figs. 212,213. 
1962 
---'_' _____ ,_, __ (Reuss); Barnard, pp. 715-9, t. figs. 1 a, b, k, I • 
1963 
___ I_I _____ ...:."_..!!la~c::.!r.:.!i.!.!m~a (Reuss); Graham & Church, p.40, 
PI.5, fig.15. 
1 968 II II ( 
-------......:..:..-_ Reuss); Sliter, p.77,PI.9,fig.17,PI.10, 
fig. 1 a-c. 
-Test free, ovoid to sub-globular in outline; chambers indis-
tinct, partially overlapping;sutures indistinct flush with surface, 
oblique, slightly sigmoidal; wall smooth, r-elatively thick; aperture 
radia te, terminal. 
Max. dimensions: Length 0.34 mm. Width 0.20 mm. 
Remarks: A rare form occuring sporadically throughout the interval 
studied. The sub-globular form is uncommon, the majority of the 
individuals being slightly elongate, and possibly transitional with 
the more slender Globul ina pr I Sca Reuss. 
Range: Assemblage Zone A. 
Globul Ina prisca Reuss 1063 
PI.5, fig. 6 • 
1063 Globullna prisca . Reuss, p.79,PI.1X, fig. 8. 
1928 Polymorph ina minuta Roemer; Franke, p. 120, PI. )<1, fig. aa, b. 
1930 Globullna prisca 
1936 ______ 11_______ 1_1 __ 
1941 II II 
Reuss; Cushman & Ozawa, p. 73,PI. XII, 
fig. 6a-c. 
Reuss; Brotzen, p. 114, PI. VII, fig. 11. 
Reuss; Marie, p. 168, PI. XXII, figs. 
238a,b, 23ga-e. 
Test free, slender, slightly elongate pyriform; chambers dis-
1 
tinct, partially overlapping, elongate; sutures fairly distinct, oblique,. 
flush wi th surface to 51 ightly depressed; wall smoothi aperture radiate, 
terminal. 
Max. dimensions: Length O. 63mm. Width 0.31 mm. 
Remarks: As noted with G. lacrima (Rcuss),lndividuals of this gcnus 
are not common in the English succession. This was noted by Barnard 
(1962), who was In fact examining material from highcr stratigraphic 
hor·izons. 
Runge: Assemblugc Zones C-E. 
-123"'" 
Genus GUTTULINA dlOrbigny in de la Sagra 1839 
Genotype Polymorphina (Guttuline) communis dlOrbigny 1826 
Guttul ina trigonula (Reuss) 1845 
PI.5, fig. 7. 
18i l5 Polymorphina trigonula Reuss, p.40, PI. XIII, fig. 84. 
1845 II damaecornis Reuss, p.40, PI.XIII,fig.85. 
1891 
" slommerata Roemer; Beissel, p. 62, PI. 12, 
~igs. 2-29. 
1930 Guttulina trisonula Cuchman & Ozawa (non Reuss); p.28, 
PI. 4, fig. 2a-c. 
1936 
" 
II (Reuss); Brotzen, p.113,PI.VIII, 
fig. 13a-d. 
1946 II II (Reuss); Cushman, p. 95, PI. 40, figs. 6,7. 
1957 
" 
II (Reuss); Hofker, p.165, fig.203. 
t 962 
" " 
(Reuss); Barnard, p. 721, t. fig. 5. 
Test free, small, globular to ovoid in outline, initial end is 
rounded, often fairly broad; chambers distinct, strongly overlapping, 
elongate, slightly inflatedj sutures distinct, constricted, outlining 
each chamber; wall smooth, perforate calcite; aperture terminal, 
radiate. 
Max. dimension~: Length 0.54 mm. Width 0.43 mm. 
Remarks: This species is recorded sporadically throughout the 
Coniacian ~nd the lower Santonian. 
Barnard (t 962) noted tha t the form referred to Guttul ina 
trigonula (Reuss) by Cushmun and Ozawa (1930), Is In fact from the 
Cambridge Greensand and more I ikely to be related to Guttul ina sororia 
(Reuss). Howcver,Barnards l interpretation of G. sororia is now be-
lieved to be incorrect'and his species has been compared with 
G., adhef'ensis (Ol..,z w ' .) ~ e SI~1 var. cuspid:t tn Cushman £1 Oza\l'.'a 
(Hart 1970). 
~r--------------------------------------~~ 
I 
I 
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Range: Assemblage Zones A-F. 
Subfamily RAMULlNlNAE Brady 1884. 
Genus RAMULlNA Jones in Wright 1875 
1686 
1699 
1925 
1928 
1936 
1946 
1953 
Genotype Ramulina laevis Jones, in Wright 1675 
Ramulina aculeata Wright 1886 
PI. 5, figs. 6,9,10. 
Ramulina aculcata Wright, p. 331, PI.27, fig. 11. 
" 
" 
II 
II 
II 
II 
" 
" 
" 
" 
II 
Wrightj Egger, p. 135, PI. 2, fig.3. 
Wrightj Franke, p. 80, PI. VI, fig. 25. 
Wrightj Franke, p. 124, PI. XI, figs. 16,17. 
Wright; Brotzen p. 116, t. fig. 30. 
(d'Or'bignY)j Cushman,p.l00,PI.43, 
fig.l1. 
novaculeata Bullard, p.346, Pl. 46, fig. 26. 
1953 II aculea ta (d'Orbigny) j Hagn, p. 71 ,PI. 6, fig. 10. 
----=;;;;.;..;~.=. 
1964 II II (dlOrbignY)jLoeblich & Tappan,p.C537, 
'--------
1966 
1972 
1972 
II II 
" 
II 
II wrightii 
fig. 420,8. 
(dlOrbignY)j Bartensteln, Bettenstaedt & 
Boll i, pp. 159-60, PI. 4, figs. 315-324 (? 325-
339). 
(dlOrbignY)j Barnard, p.390, PI. 1, fig. 1. 
Barnard, pp. 390-391, PI. 1, figs. 2,3. 
Test free, consisting of globular chambers, irregular in shape, 
and interconnected by long or short tube-like stolons; stolons may have 
two or more junctions, angles of attachment are also irregular, wall 
calcareous, spinose ornament normally present; aperture often not 
scen, occasional constrictions at the end of a stolon may be the site 
of an aperture. 
Max. dimensions: Length 1.38 mm. Width 0.65 mm. 
Due to the irregular nature of the test and lack of any indication as 
to the tru'e d i rec t ion of growth, the sizes given a re on I y app rox i ma teo 
Remarks: Despi te the work of Loebl ich and Tappan (1964) wi th regards 
to this particular species, there still appears to be a considerable 
margin of doubt as to the true authorship. 
D10rbignys original description of Dentalina aculeata was of 
m.aterial taken from the Tertiary deposits of the Paris Basin, and 
his figures were of little value in giving a true indication as to the 
genus. Neither were the figures illustrated by Reuss (1845) some 
fifteen years la·ter. Thus when Wright defined Ramulina aculeata in 
1806 from the Upper Cretaceous of Northern Ireland, tho majority of 
micropalaeontologists working on the Chalk chose to use his species. 
In 1949 Loebl ich and Tappan suggested that D. aculeatn. 
dlOrbigny and R. aculeata Wright were in fact synonymous, and in 
an attempt to unravel the confusion they re-examined what they be-
lieved to be the type material in Paris and re-stated the priority of 
dlOrbigny's authorship in the Treatise on Invertebrate Paleontology 
(t 964). 
There is however a strong possibility that the material examined 
by Loebl ich & Tappan was not the same as that from which D. aculeata 
dlOrbigny was described. This was postUlated by Hart (1970) after 
examination of a microfilm of dlOrbigny1s type material. Hart noted 
. 
that D. aculeata appeared to be a true Dentalina "quite unlike his 
type figure ll • Thus at present, Wrightls species would seem to be 
valid for those individuals found in the Upper Cretaceous, although 
it is noted that after ninety years of confUSion, we have still 110t 
finally clat-ified the situation. 
Range: Assemblage Zones A-F. 
Ramul ina so, A. 
PI.5, fig.ll. 
Test free, comprising three globular chambers, connected by 
short, broad stolons; wall calcareous, tubcrcu late; apertures at 
the distal end of each chamber. 
Max. dimensions: Length O.42mm. Width O.35mm. 
Remarks: Test very similar to the inflated forms of R. aculeata Wright 
described above, distinguished by the fact that in this species three 
very globular chambers are interconnected in very close proximity 
to each other without the development of long stolons. The surface 
126 
of the test is also much more tuberculate than in the typical R. aculeata. 
This species Is rare, the specimen figured being found at the 
Junction of the M. cortestudinarium and M. coranguinum Zones, of 
Rowe (l900)~ from Langdon Stairs, Kent. 
Range: Assemblage Zone B. 
Superfamily BULIMINACEA Jones 1875 
Family 11..IRRILINIDAE Cushman 1927 
Subfamily TURRILININAE Cushman t 927 
Genus PRAEBUL IMINA Hofker 1953 
Genotype Bulimina ovu~Reuss 1845 
Praebulimina reus~i (Morrow) 1934 sensu lata 
PI.5, figs. 12, 13. 
1845 Bul imina ovulum Reuss (non B. ovula d'Orbigny), p. 07, 
PI.VIII, fig.57, PI.XIII,fig.73. 
1899 ____ '_I ______ 11__ _ Reuss; Egger, pp.51-52,PI.15,fig.4G. 
1925 ____ '_I ______ "__ _ Reuss; Franke,p.25,PI.2,fig.17. 
1928 ____ '_I ______ 11 __ _ Reuss; Franke, p. 157, PI. 1/.jo, fig. 14. 
1934 II II Reuss; Cushman & Parker, p. 29, PI. 5, 
figs. 10, 11 a-b. 
1934 Bul imina reussi Morrow; pp. 195-6, PI. 29, fig. 2. 
1936 Bulimina ovula Reuss; Brotzen, pp.125-7, tf.42, fig. 9. 
1936 Bulimina ventricosa Brotzcn, pp.124-7, PI.8,fig. la-c,tf. 42, 
figs. 1-8. 
1946 Bul imina reussi Morrow; Cushman, pp. 120-1 , PI. 51 , 
figs. 1-5. 
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1947 ____ '_1 _______ "__ _ Morrow; Cushman & Parker, PI. 19, fig. 31. 
PI. 20, figs. 1-5. 
1951 Praebul imina reussl (Morrow); Hofker, p. 14l~. 
1953 Praebulimina reussi (Morrow); Hofker, p.27. 
1957 
____ '_I _____ ~v.=.e:..:.n~tr~i:..:::c:;;:o~s:!;!.a (Morrow); Hofl<er, pp. 187-8, tfigs. 227,228. 
1961 Bulimina reussi Morrow; Vasilcnko, pp. 17l~-6, PI.38, 
figs. 2a-b, rIa_b. 
1968 Praebul imina II (Morrow); 51 iter, p. 85, PI. 12, fi 9S. 1 ,2. 
---------------1281 
Test free, usually small, globular and ovoid in shape, roughly 
circular in section, greatest width across the final whorl above the 
mid-I ine of the test; initial chambers small forming an acute apical 
angle, which may vary from rounded to sub-angular; chamber arrange-
ment triserial throughout, chambers become inflated rapidly, elong-
ate; sutures slightly curved, indistinct and slightly depressed; wall 
smooth,calcareous, very finely perforate; aperture sub-terminal slit, 
quite wide and adjacent to the inner margin of the final chamber. 
Max. dimensions: Length 0.43 mm. Width 0.30 mm. 
Remarks: The appearance of this species in the 250 -SOOjJ fraction, 
towards the base of the lower Santonian as defined by Casey et al 
(in press) is extremely useful, although it should be noted that it 
appears in the finer fraction of :;ieved material well before this, in 
the upper part of the Coniacian. 
Prior to 1934 there existed a problem of nomenclature with 
regard to this species, when Morrow renamed Praebulimina ovulum 
(Reuss). Reuss's species was in fact a homonym of Bulimina ovula 
d'Orbigny, which had been described six years earlier in 1839 from 
Tertiary deposits of South America. 
Included within the synonomy of the present broad group is 
Praebulimina ventricosa (Brotzen). This species was originally 
distinguished by the greater inflation in the later chambers which 
tend to overlap onto earlier stages. This is bel ieved to fit wi thin the 
broader range in variation present in P. reussi (Morrow), a view 
that waS also suggested by Sliter (1960). 
Range: Upper par't of Assemblage Zone C- Assemblage Zone F. 
Praebul imina obtusu (diOrbigny) 1840 
PI.5, fig. 14. 
1840 Bu I imina obtusa 
1891 II laevis 
1936 Bu I iminelln II 
1936 _____ " _______ " __ 
1937 II II 
1941 II II 
1941 II II 
1941 II II 
diOrbigny, p. 39, PI. IV, figs. 5, 6. 
Beissel, p. 66, PI. XII, figs.38-43. 
(Beissel); Cushman & Parker, p. 6, PI. 11, 
fig.3a-c. 
{diOrbignY)j Brotzen, p.131 ,PI. VIII, 
fig.2a,b. 
'(diOrbignY)j Marie, p.264. 
(dlOrbigny) forma typica; Marie, pp. 1 oa, 9, 
PI. XXX, fjgs. 290a-f,291a-e. 
(diOrbigny) val". inflata Marie, p. 199, 
PI. XXX, fig. 292a-e. 
(diOrbigny) val". laevis (Seissol); Marie, 
p. 199, PI. ><XX, fig. 293a-e, PI. XXXI, 
fig. 294a-e. 
Test free, elongate, slightly flaring, basal angle acute, chambers 
expanding uniformly in size, small; chambers arranged triserially, 
elongate, slightly inflatedj sutures distinct, slightly constr'icted; wall 
smooth, perforate and relatively thick; aperture sub-terminal cres-
centic slit, rising from the interomal'ginal suture of the final chamber. 
Max. dimensions: Length 0.37 mm. Width 0.22 mm. 
RcmClrks: This species has been placed within the genus Praebulimina 
following the works of Horker (1957) and Loeblich & Tappan (t 964), 
the latter commenting that many of the early Cretaceous species of 
Buliminella should in fact be included in the genus ~bulimina. 
Range: Assemblage Zones A-F. 
Praebul imina parva (Franke) 1928 
PI. 5, fig. 15. 
1928 Bul imina parva Franke, p. 157, PI. XIV, fig. 13. 
Test free, small, slender, flaring gradually, almost pyriform 
130.1 
in outl!ne, chamber arrangement triserial throughout, chambers elong-
ato, slender distinct, strongly overlnppingj sutures, distinct, com-
pressed, outl ining the Inter chambers well j wall smooth, perforntej 
aperture sub-terminal arc-shaped,sl i t. 
Max. dimensions: Length 0.34 mm. Width O. 14 mm. 
Remarks: A distinctive species, but ns yet only recorded from the 
Upper Senonian of Germany (Frnnke 1928). It is inter'esting to note 
that the small size is quite characteristic as Franke records 0.34 mm. 
for the length and 0.12 mm. for the width, figures quite consistant 
with those taken for examples from southern England. 
Range: Assemblage Zones C-E. 
Genus PYRAMID INA Brotzen 1948. 
Genotype Bul imina 1 curvisuturata Brotzen 1940 
pyramidina cf. bul iminoides (Brotzen) 1936 
PI. 6, fig.1. 
1936 Reussella (1) bu I iminoi des Brotzen, pp. 137-8, PI. VIII, 
fig. Oa-c, t. fig. 48. 
1957 II buliminoldes Brotzenj Hofker, p.207,figs.251-3. 
1961 pyramidina II (Brotzen)j Vasilenko, p. 178, 
PI. ~XXVIII, fig. 15a-d. 
Test free, small, flaring, triserial throughout, marginal 
angles rounded; chambers increasing uniformly in size, inflated, 
distinct, sub-globular on outer margins, slightly overlapping; 
sutures distinct, slightly depressed; wall smooth, perforate 
calcite; aperture sub-terminal, simple sl it perpendicular to the 
interomarginal suture of the final chamber. 
Max. dimensions: Length 0.23 mm. Width O. 13 mm. 
Remarks: The specimens of P. bulimlnoides illustrated by Brotzen 
(1936) and Vasilenko (t 961) are too small to give precise detai Is. 
In the ubsence of type material for comparison, the specimens 
described are referred to P. cf. bul iminoides. 
There are some similarities with the American species 
P. triangularis (Cushman & Parl<er), al though as Sit ter (1960) 
points out, this form is more distinctly flaring and more coarsely 
perforate. The two are distinct but obviously very closely related. 
Range: Top of Assemblage Zone D to Assemblage Zone F. 
Family EOUVIGERINIDAE Cushman 1927 
Genus EOUVIGERINA Cushman 1926 
Genotype Eouvigerlna americnna Cushman 1926 
Eouvigerina aculeata (Ehrenberg) 1854 
PI.6, figs. 2,3 
1854 Loxostomum aculeata Ehrenberg, p.22,PI.27,figs.21 ,22, 
PI. 28, fig. 26. 
1892 Tcxtulnria serrato Chapman,p. 515,PI. 15, fig. 7. 
1910 SagrinCl cretacea Heron-Allen & Earland, p. 423, PI. 0, 
figs. 8-10. 
1926 Eouvigerirm americana Cushman,pp. 4,5,PI.l ,fig. la-c. 
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1931 
" " 
1932 
" 
cretacea 
1936 
" 
americana 
1941 
" 
aspera 
1941 
" " 
1946 ______ " __ ~a~m~e~r~i~c~a~n~a 
1948 
" 
cretacea 
1951 
" 
americana 
1957 _____ ,_I ___ ·~a~c~u~I~e~a~ta~ 
1957 ______ " __ ~a~n~le~·r~i~c~a~n~a 
1 964 ___ '_' _...:s~e:::.;.r...:.r...::a:;t.:;:.a 
1964 
" 
nculeata 
1970 
" " 
Cushman; Cushman, p. 45, PI. 7, 
fig.11a,b. 
(Heron-Allen & Enrland); Macfadyen, 
p, 493, PI.35,fig.23. 
Cushman; Brotzen, pp. 123-4., PI. 9, 
fig. 4a-c. 
(Mar~son) var. laevigata Marie; Marie, 
p. 193, PI. XXIX, fig. 284a-c. 
(Marsson) var. denticulocarinata Marie; 
Marie, 193-4, PI. XXIX, fig. 205a-c. 
Cushman; Cushman, pp. 12, 115-6, 
PI. 49, figs. 4a-c, Sa-c. 
(Heron-Allen & Earland); Will iams-
Mi tchell, pp. 103-4, PI. 9, fig. 4. 
Cushman; Loebl ich, pp. 106, 109-10, 
PI.12, fig.9. 
(Ehrenberg); Hofkel", pp.276-5, 
t. figs. 327-8. 
Cushman; Montanaro-Gallitelli, p.148, 
PI.34, figs. 1-5. 
(Chapman) ;Barr & Cordey, pp. 307-8, 
PI.49, figs. 0,9. 
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(Ehrenber'g); Loebl ich & Tappan, pp. C556-
7, fig. 440. 1-3. 
(Ehrenberg); Porthault, in Donze et ai, 
p. 57, PI. 8, fig. 25. 
Test free, biserial, becoming more irregular in later stages; 
chambers distinct, uninflated initially, becoming sl ightly inflated, 
angular and truncated later; sutures distinct, flush becoming later 
depressed, curved; wall smooth, finely perforate, calcareous, 
occasional sl ightly nodose on the marginal flange, which is not 
always fully developed; aperture terminal slit, surrounded by a low 
phialine lip, at the end of a short apertural neck. 
Max. dimensions: Length 0.34 mm. Width o. 19mm. 
Remarks: As can be seen from the long synol1omy, this species has 
had a diverse career, stemming from an initial influx of varying 
trivial names. It would appear however that a good deal of dup-
I ication has taken place, and the above I ist follows the lead given 
by Barr & Cordey (1964) and Loebl ich & Tappan (196L~) in attempt-
ing to simpl ify this problem of nomenclature, in what appears to be 
a Single species. 
A thorough examination waS made of those specimens housed 
i.n the British Museum (Natural History), these being taken from the 
collections of Chapman (P4547), Heron-Allen (; Earland (P48937) 
Wi 11 iams-Mitchell (PS0313) and Barr & Cordey (P4/~966). Comparison 
was made between these and specimens from the present study and all 
were found to be conspecific. 
Loebl ich & Tappan (1964) point out that E. americana Cushman 
is synonymous with E. aculeata (Ehrenberg), extending the list to 
material described from the U. S.A. 
Marie (1941) further compl icates the taxonomy by Introducing 
four new varieties of E. aspera (Marsson), two of which are thought 
to be synonymous with E. aculeata. 
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Furthermore, on examination of Marsson's figure of 1878, his species 
seems to bear little simi lari ty to either tha t of Ehrenberg and, 
possibly mor'e importantly, to those specimens illustrated by Marie. 
Wi II iams-Mi tchell (1948) noted the stratigraphic va lue of this 
species, in its appearance mid-way through the M. cortestudinarium 
Zone of southern England. This correlates well with the range noted 
in the present work. 
Range: Top of Assemblage ZonoA· - Assemblage Zone F. 
Eouvigerina stormi Brotzen 1936 
PI.6, fig. 4. 
1929 Sagrina cretacea Storm (non Heron-Allen and Earland) 
p. 53, fig. 9. 
1936 Eouvigerina stormi Brotzenj Hofker, pp. 273-/~, t. fig. 326. 
Test small, slightly flaring, biserial t!1roughout, margins trun-
catedj chambers distinct, flat, slightly oblique in arrangementj sutures 
distinct, oblique, flush to slightly raised, at the margins continuing 
outwards to form a small marginal septaj wall smooth, calcareousj 
aperture terminal slit, with a small raised lip. 
Max. dimensions: Length O. 19mm. Width O. 13 mm. 
Remarks: An extremely small form which is not particularly abundant. 
It is related to E. aculeata (Ehrenberg), but thought to be dist.inct,due 
to the presence of the marginal septa, which are not seen In the ear'ly 
stages of Ehrenberg's species. Brotzen (193q) clarified the taxonomy 
by erecting E. stormi as a nomen novum for Storms mis-identification 
of E. cretacea (Heron-Allen & Earland). 
Range: Assemblage Zone A- base of Assemblage Zone D. 
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Eouvigerina sp. C. 
PI.6, fig.5. 
Test free, small, biserial throughout, longitudinal central 
axis about which chambers are arranged is sl ightly twisted, margins 
rounded; chambers distinct, elongates, slightly pyriform, final 
chamber centrally positioned; sutures sl ightly depressed, obi ique, 
straight to slightly curved; wall finE'ly perforate, calcareous, 
smooth; aperture terminal positioned at the end of a short neck. 
Max. dimensions: Length 0.31 mm. Width O. 12 mm. 
Remarks: This species waS difficult to place taxonomically, how-
ever the presence of a distinct apertural neck with a lip and the 
biserial chamber arrangement gave it a position within the genus 
Eouvigerina. 
The stratigraphic range of the species is distinctive, the con-
sistency of its first appearance allowing its use in regional correl-
ation. Eouvigerlna sp. C. has been found over a wide area including 
the Isle of Wight, Kent, and Norfolk. 
Range: Assemblage Zones D - F. 
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Family BULIMINIDAE Jones 1875 
Subfamily PAVONINAE Eimer & Fickert 1899 
Genus REUSSELLA Galloway 1933 
Genotype Verneui I ina spinu losa Reuss 1850 
The Genus REU SSELLA Ga II oway 1933 
The definition of the genus Reussella Galloway as given by 
Loeblich & Tappan (1964) in the Treatise on Invertebrate Paleon-
tology reads as follows:-
IITest triserial and triangular throughout, gradually 
enlarging; wall calcareous, coarsely perforate; 
aperture basal in final chamber, with internal tooth 
plate.(Reussella is restricted here to include only 
sharply angular species, commonly with carinate or 
spinose angles, coarsely perforate wall, and com-
plex tooth plate. Upper Cretaceous species that 
have been previously referred to Reussella arc 
here regarded as belonging to Pyramidina, differing 
in their less angular margin, finely perforate wall, 
and simpler tooth plate) M. Eocene (Lutetian) -
Recent. II 
Following from this, all those specimens recorded here as 
Reussella should be included In the genus pyramidina. However, the 
description of individuals with "Iess angular margins" and a "finely 
perforate wall" from the Upper Cretaceous does not appear to hold 
true for the majority of specimens encountered during the course of 
this work. 
The species Reussella kelleri, described, and well illustrated, 
by Vasilenko (1961) has, in his figures, distinctly angular margins 
which appear to be carinate and in some places spinose. This species 
has been encountered in large numbers in the British succession and 
has been found to be angular', coarsely spinose on occasions, and also 
very coarsely perforate (see PI. 6, fig. 8). 
., 
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There is a tooth plate present and as the degree of complexity 
required for the designation of the genus is difficul t to assess, it 
is felt that the specimens examined fall well within the definition of 
Reussella. 
There is a further ~pecies present in the Upper Cretaceous 
of this country which supports the conclusion mape above. Reussella 
szajnochae (Grzybowski) is encount~red in sediments from the lower 
Santonian through to the Danian (de Klasz & Knipscheer 195 /",), the 
subspecies R. szajnochae praecursor being recorded in the suc-
cession under study. Although the murgins are sub-angular to 
rounded in early forms, it seems that as this species evolve5 
through the Upper Cretaceous the sutures become much more sharply 
raised resulting in distinctly angular margins. The use of this 
character in the generic definition is therefore questioned. 
It is thought that during the Senonian there is a distinct 
evolutionary pattern present, which includes such species uS 
R. kelleri Vusilenko, R. sza,inochae (Grzybowski) and R. cushmani 
Brotzen. This pattern is illustrated in Figure 4.3, to clarify the 
situation encountered in southern England. 
Reussella cf. cushmani Brotzen 1936 
Fig. 4:4. 
1936 Reussella cushmani Brotzcn, p. 135, PI. VIII, fig. 7a-c, 
t. fig. 47. 
1948 II 
" 
Brotzen; Williams-Mitchell, p.104,Pl. 9, 
~lg. 9. 
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Test free, elongate, triserial throughout, sub-triangular 
outline, edges sub-angular to rounded; chambers distinct, tria-
angular, strongly over-lapping; sutures flush to slightly raised, 
curved; wall calcareous, smooth, finely perforate; aperture 
interomarginal loop. 
Max. dimensions: Length 0.42 mm. Width 0.23 mm. 
Remarks: This species, although previously recorded from the 
English succession by Williams-Mitchell (1948), is not common, 
and it is possible that many of the specimens identified as R. cushmani 
Brotzen by that author should be included in the species R. ket-Ieri. 
It is acknowledged that the specimen of R. cushmani figured in 1940, 
and housed in the British Museum (B\1NH No. PS0314),does fit well 
within that species, it is also pointed out that other material, from 
the Portsdown borehole assemblages, located in the Williams-Mitchell 
collection, is more correctly assigned to Vasilenko's species. 
The distribution noted by Will iams-Mitchell is also of particular 
note as this species appears for the first time at the base of the 
M. cortestudinarium Zone, a level critical for other members of the 
genus in this country. 
Range: Assemblage Zone A-E. 
f.4J.4'4 
Reunellg d. cusbmgni 
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Reussella kelleri Vasilenko 1961 
PI.6, figs. 6,7, O. 
1935 Reussella aff. spinulosa{ReussLKeller, p. 550, pI. 11, fjgs. 9 - 11. 
1961 II kelleri Vasilenko, pp. 176-8, PI. XXXVIII, 
figs. 3-5,12,13. 
1975 II II Vasilenkoj Robaszynski, p. 19, fig. 2. 
Test free, sub-triangular in outline, triserial throughout, 
edges sharply rounded to angularj chambers distinct triangular, 
strongly over-lapping, becoming lobate in latcr stages; sutures 
distinct, curved, often raised becoming broadly limbatej wall cal-
careous, perforate, often coarsely, sl ightl y rugose on the side races, 
margins spinose, occasionally developing small flanges which project 
from the edgesj ap6rtural slit, perpendicular to the inner margin of 
the final chamber, surrounded by a slightly raised lip, tooth plate 
developed. 
Max. dimensions: Length 0.60 mm. Width 0.34 mm. 
Remarks: The distribution of this species is important as the first 
appearance is used to define the base of Assemblage Zone A in this 
investigation. The wider stratigraphic significance of this boundary 
is discussed later, although it may be mentioned here that Robaszynski 
(1975). used this species to define thc base of the Coniacian in the 
region of Lille, France, and he has since confirmed (pcrs.comm.) 
that specimens from the same level in this country are identical to 
his own. 
Thc detailed distribution of this species in the English Chalk 
has been shown to be quite unusual in the two continuous successions 
of S. E. Kent and the Thames Barrier Site Investigation at Woolwich. 
R_ I<elleri is common in the 250)l - 500)...1 fraction at the base of 
each succession, although approximately 20 metres higher it is 
only found in the fine sieve fraction. It appears again in the larger 
size fraction sporadically through the succession until the base of 
Assemblage Zone E, where they occur again in some abundance, 
helping to define the assemblage zone boundary. 
This species is also recorded more commonly in the samples 
examined from Norfolk, and these specimens tend to be larger and 
more ornate than those noted from sections further to the south. 
Range: Assemblage Zones A-F. 
Reussella szajnochae (Grzybowski) pr~ecursor 
De Klasz & Knipscheer 1954 
PI. 6, fig. 9. 
1931 Psel...ldouvigerina sp. q). Cushman, p.40, PI.6, fig. la-c. 
1954 Reussella szajnochae (Grzybowski) praecursor de Klasz 8. 
Knipscheer, pp.603-4, Tab. p. 605, 
fig. 1 a-c. 
Test free, triangular in transverse section, triserial through-
out, expanding gradually in size; chambers distinct, low, sub-triang-
ular, distinctly over-lapping; sutures raised, becoming I imbate, 
oblique to slightly curved; wall calcareous, smooth, perforate, 
occasionally becoming slightly spinose along the lower edges; 
apertural slit, situated mid-way along the inner mar'gin of the 
final chamber. 
Max. dimensions: Length O. 47rnm. Width 0.29mm. 
Remarks: This species has only been encountered in samples from 
the basal ~intacrinus socialis Zone, and therefor'e first appears 
well within the Santonian (Casey et al. in press). De ~<Iasz & 
Knipscheer (1954) note that they have found specimens in material 
from Taplow, 
-141> 
.. 
Buckinghamshire. Samples from the latter loced ity has been pro-
cessed by the author and specimens identical to those i Ilustra ted 
from Germany have been found. 
Range: Assemblage Zone F. 
Superfamily DISCORBACEA Ehrenberg 1838 
Family DISCORBIDAE Ehrenberg 1838 
Subfamily BAGGININAE Cushman 1927 
Genus VALVULINERIA Cushmun 1926 
Genotype Valvul ineria cal ifornica Cushman 1926 
Valvulineria lenticula (Reuss) 1845 
PI. 6, figs. 10, 11. 
1845 Rotalia lenticula 
1860 II II 
1899 Discorbina II 
1925 Anoma !ina II 
1926 Rotalia cretacea 
1928 Anomalina lenticula 
1929 Gyroidina depresse 
1936 Valvul ineria lenticula 
Reuss, p.35, PI. XII, fig. 17. 
Reuss; ReuEis, p.221. 
(Reuss); Egger, p. 166, PI. XVIII, 
figs. 22-24. 
(Reuss); Franke, p.87, PI. VII, fig. 15. 
Carsey, p.48, PI.5,fig.7a,b. 
(Reuss); Franke, p. 183, PI. XVI, 
fig. 11 a-c. 
Cushman & Church, p.515, PI. 41, 
figs. 4':"6. 
(Reuss); Brotzen, pp. 151-3, PI. 11 , 
fig. 5a-c, t. figs. 54,55. 
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,1941 Cera tobul imina lenticula (Reuss); Marie, pp. 226-7, PI. XXXV, 
1942 Gavel inella cretacea 
1946 Valvulineria II 
1951 II II 
1957 Valvul ineria lenticula 
1961 II II 
1973 II II 
figs. 326-8. 
(Carsey); Brotzen, p.54. 
(Carsey); Cushman, p. 138, PI. 57, 
fig. Sa-c. 
(Carsey); Bandy, p. 504, PI. 74, fig. 1 a-c. 
(Reuss); Harris & McNulty, pp. 066-7, 
Pl. 97, figs. 1-5. 
var. lenticula (Reuss); Vasi lenko, 
p.43, PI.VIII, fig. la-c. 
{Reuss}; l<och, p, 211. 
Test free, low trochospiral, biconvex, periphery rounded; 
I 
chambers indistinct except in later stages, increasing gradually in 
size; sutures distinct in later stages, earlier ones poorly visible, 
radial, straight, curving backwards sl ightly at the margin, spiral 
suture distinct and ope,:" in the last two chambers; wall perforate 
calcareous, smoothi aperture narrow slit-like opening, along the 
inner margin of the fina I chamber, on the umbi Ileal side; umbi I ical 
area covered by a distinct apertural flap. 
Max. dimensions: Diameter 0.42 mm. Thickness 0.22 mm. 
Remarks:Harris &McNulty (1957) devoted a complete paper to this 
species and the variations encountered., That detailed work gives 
,a full synonomy, together with a very detai led-description of the 
species. 
Valvulineria lenticula (Reuss) is very closely related to 
Valvul inerin plummerne Loetterle, and Vasi lenko (1961) includes the 
latter as a variety of the former. The important distinction between 
the two species is the width towards the periphery, which in V. plun1-
met'ae is quite broad, when viewed from the side, whereas I < 
V. lenticula is more tapered and more acutely angled. Very rare 
examples of specimens approaching the V. plummerae type have 
been found, but these were considered to be early transitional 
varieties, and have been retained within the present species. 
Range: Assemblage Zones A-F. 
Superfamily GLOB IGJ:::R INACEA Carpenter, Parker & Jones 1862 
Family HETEROHELICIDAE Cushman 1927 
Subfamily HETEROHELICINAE Cushman 1927 
Gen~s HETEROHELIX Ehl~enberg 1843 
Genotype Spiroplecta americana Ehrenberg 1844 
Heterohel ix globulosa (Ehrenberg) 1040 
PI. 6, figs. 12,13. 
1840 Textularia globulosa 
1845 II II 
1054 II II 
1860 II globifera 
1892 II decurrens 
1899 §..!dmbelina globulosa 
1925 Textularia globifera 
1928 II globulosa 
Ehrenber.g, p.135, PI.4, figs. 
2, '.,5, 7, 8. 
Reuss; Reuss, p.39, PI.XII,fig.23. 
Ehrenberg; Ehrenberg, PI.21, fig. 87 
Reuss, p.232, PI. 13, figs. 7,8. 
Chapman, p. 515, PI. 15, fig. 6 
(Ehrenberg); E~ger, p. 32, Pl. 14, 
fig. 43. 
Reuss; Franke, p. 11, PI. 1 ,fig. 13. 
Ehrenberg; Franke, p. 134, PI. 12, 
fig. 11. 
14ST 
I 
1932 Pseudotextularia globulosa (Ehrenberg); Macfadyen, PI. 35, 
1934 Gumbclina globulosa 
1946 _____ 1_1 ________ 1_1 __ _ 
1 946 _____ 1_1 __ --=s;.cp~i~n.:..:i f..;;:e..:...r~a 
1948 _____ I_I __ ~g~l~o~b~u~l~o~sa~ 
1951 II II 
1953 II II 
1957 _____ 1_' ________ 1_1 __ _ 
1957 Heterohel ix II 
1962 _____ 1_' ________ 11__ _ 
1 964 ____ 1_' ____ 11 __ _ 
1965 ____ 1_1 ____ 11 __ 
1966 _____ 1_' ______ 1_1 __ _ 
1967 _____ 1_1 ________ 1_1 __ _ 
fi g. 22. 
(Ehrenberg); Morrow, p. 194, PI. 29, 
fig.1Ba,b. 
-(Ehrenberg); Cushman, pp. 105-6, 
PI. 45, fi gs. 9-1 5. 
Cushman, p.l08, PI.46, fig.15a,b. 
(Ehrenberg); Wi II iams-Mi tchell, 
p.99, PI.9, fig.2. 
(Ehrenberg); Locblich, p. lOB, PI.12, 
figs. 4,5. 
(Ehrenberg); Hagn, p. 73, PI. 6, 
figs. 16,17. 
(Ehrenberg); McGugan,p. 339, PI. 32, 
fig. 18. 
(Ehrenberg); Montanaro-Gall itell i, 
p.137,PI.31, figs.12-15. 
(Ehrenbel"g); Graham & Church, 
pp.61-2, PI.7,fig.11a,b. 
(Ehrenberg); Barr & Cordey, pp. 306-7, 
PI.49, fig. 4. 
(Ehrenberg); Takayanagi, pp. 195-6, 
PI.20, fig.la,b. 
(Ehrenberg); Barr, p. 503, PI.78, 
figs. 5,6. 
(Ehrenberg); Pessagno, p. 260,PI. 87, 
figs. 5-9, 11-13. 
1967 
1968 
1969 
II II 
II II 
--------------------
II II 
(Ehrenberg); Bandy, p. 23, t. fi g. 12. 
(Ehrenberg); Sliter, pp. 94-5, PI. 14, 
figs. 1-3. 
(Ehrenberg); Douglas, pp.157-8,PI.11, 
fig. 12. 
Test small, initially planispirally coiled, r.apidly becoming 
biserial, tapering from the widest point across the two final chambers; 
chambers globular, increasing in size rapidly in the adult stages; 
sutures distinct, constricted; wall smooth, to very finely striate, 
calcareous, perforate, thin; aperture low semi-circular arch on the 
inner margin of the final chamber, often with a very slightly raised 
lip. 
Max. dimensions: Length 0.36 mm Width 0.21 mm. 
Remarks: A much used, discussed, and mal igned species, resul ting 
from a brief original description and type figures which are of very 
little ·value. Douglas u Rankin (1969) give a valuable discussion con-
cerning this species and its nearer relatives, including H. reussi 
Cushman with which they suggest it may be synonymous. They qualify 
this by saying that until the true nature of the external characters of 
H. globulosa are known, the problem will remain unsolved. 
The present author is in agreement with this statement, but it 
is thought that there are at least two species present in the Micruster 
zones of the Engl ish Chalk. 
Range: Assemblage Zones A-F. . , 
Heterohcl ix reussi (Cushman) 1938 
PI. 6, figs. 14, 15. 
1938 Gumbel ina reussi 
1946 _____ '_1 ________ "__ 
1967 Heterohel ix II 
1969 
" 
Ii 
----------------
1 969 ____ '_1 __ ~ ____ "_ 
1970 II II 
Cushman, p. 11 J PI. 2, figs. 6-9. 
Cushman, p.t04, PI.44,figs.18a,b,19. 
(Cushman); Pessagno, p. 263, PI. 85, 
figs. 1-9, PI. 86, figs. 1-2. 
(Cushman); Douglas,pp.158-9,PI.11, 
fig. 15. 
(Cushman); Douglas & Rankin, pp.191-2, 
fig. SA, B. 
(Cushman); Porthault, in Donze et ai, 
pp. 61-2, PI.9, figs. 1-3. 
Test free, small, initial chambers planispiral, rapidly becoming 
biserial, widest point across last two chambers; chambers globular, 
rapidly increasing in size; sutures strongly constricted, creating 
sub-triangular depressions down the central suture; wall calcareous, 
.perfora te, rugose to sl ightly stria te; aperture Jnteromarginal semi-
circular arch. 
Max. dimensions: Length 0.32 mm. Width O. 10 mm. 
Remarks: Distinguished from H. globulosa (Ehrenberg) by the 
presence of distinct tr'iangular depressions between the chambers J 
situated along the central suture. H. globulosa appears to be more 
compressed laterally, with the chamber's more closely packed against 
each other, While this is not the case in H. reussi, where depressions 
are present between the adjacent chambers. 
Range: Assemblage Zones A-F. 
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Fumily PLANOfvlALINIDAE Bolli, Loeblich &I Tappan 1957 
Genus GLOBIGERINELLOIDES Cushman &I Ten Dam 1948 
Genotype Globigerinelloides algeriana Cushman &I Ten Dam 
1948 
Globigerinelloides asperus (Ehrenberg) 1854 
PI. 7, fig. 1. 
non 1854 Rotal ia aspera Ehrenberg, p.24, Pl. 27, figs. 57,58, 
PI.28, fig.'.,.2, PI. 31, fig. 44. 
1054 Phanerostomum asperum Ehrenberg, p. 23, Pl. 30, fig. 26a, b. 
1891 Rotal ia Clspera Ehrenberg; Beissel, p. 73, PI. 14, 
figs. 1-6. 
1892 Globigerina aeguilateralis (non Brady); chapinan, p.517,PI.15, 
fig. 14. 
1910 ____ " _______ '_' __ (non Brady); Heron-Allen &I Earland, 
1936 Globigerinella aspera 
1946 
" " 
1951 
" " 
1960 _______ " __________ "__ _ 
1962 Planomal ina 
" 
p.424, Pl. 8, figs. 11 , 12. 
(Ehrenberg); Brotzcn, p. 170, PI. 13, 
fig.2. 
(Ehrenberg); Schijfsma, pp.94-6, 
PI.6, fig. 8. 
(Ehrenberg); Bandy, p.508, Pl. 75,fig.3. 
(Ehrenberg); Belford, p. 91, PI. 25, 
figs. 4-6. 
(Ehrenberg); Barr, pp. 561 ,563, PI. 69 
fig. 4a, b. 
1963 "(Globigerinelloides) aspera (Ehrenberg); 
van Hinte, p.97; PI. 12, figs.2a,3. 
1963 Globigerinella aSpera (Ehrenberg); Graham &I Church,pp.64-5, 
PI. 7, fig. 17a-c. 
1964 Globigerinelloidcs aspera (Ehrenberg); Barr & Cordey, p. 309. 
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1967 ________ II____________ ~a~s~p~e~r_a~a~s~p_e~r~a (Ehrenberg);Bandy, p.12, 
t.fig.5. 
1967 ____ I1______ ..;;;;a;..;s .. p;...;e;..;.r_u~s (Ehrenberg); Pessagno, pp.274-
5, PI. 60, figs. 4,5. 
Test free, small, planispiral, biumbilicate, partially evolute, 
two to three whorls, only the final one is fully visible, chambers 
inflated, globular giving a lobate. periphery, five to six chambers 
in the fina I whorl; sutures deepl y constricted, radial, straight; wall 
perforate, ca Icareous, finely hi spid; aperture low, broad equatorla I 
arch, extending back towards the umbilicus on both sides, raised lip 
on the upper edge of the aperture. 
Max. dimensions: Diameter 0.25 mm. Thickness o. 14 mm. 
Remarks: This common species may be easily mistaken for G.ehrenbergi 
(Barr) from which it is distinguished by having fewer chambers in 
the final whorl. It also appears to be more finely hispid, although this 
latter feature is rather variable. 
Range: Assemb I age Zones A - F. 
Globigerinelloides ehrenbergi (Barr) 1962 
PI. 7, fig.2. 
1962 Planomalina ehrenbergi Barr, p.563, PI.69, fig.1a,b. 
1967 Globierinelloides ehrenbergi (Barr); Pessagno, p.276. 
Test free, small, planispiral, shallow biumbilicate, roughly 
circular in outl inc, loosely coi led partially evolute, of two whorls, 
only the final one being visible, chambers distinct, globular; sutures 
radial, constricted, str'ai~ht to sl ightly curved; aperture low, 
equatorial arch, extending back towards the umbilicus on both sides, 
distinct porticus partially covering the fir'st chamber of the final whorl. 
" 
" , 
q. 
," 
" 
Max. dimensions: Diameter 0.25 mm. Thickness 0.09 mm. 
Remarks: Barr (1962) records this species as ranging to within 
50 feet of the top of the M. coranguinum Z~me at Culver Cliff, 
using the zonation outlined by Rowe (1908). However, as described 
in more detail later, it is though that Rowe's upper boundary of this 
zone may be much too high, thus giving G. ehrenbergi (Barr) a range 
thr.oughout the M. coranguinum Zone, a distribution which is consis-
tant with other sections in southern England. 
Range: Upper part of Assemblage Zone B to Assemblage Zone D. 
Globigerinelloides rowei (Barr) 19G2 
PI. 7, fig.3. 
1962 Planomalina rowei Barr, p.564, PI.69, fig.2a,b. 
Test free: small, planispiral, partially evolute, loosely coiled, 
biumbilicate, both shallow, approximately two whorls; chambers dis-
tinct, globular, final chamber becoming slightly elongate, giving the 
periphery a vaguely quadrilateral outline, four to five chambers in 
the final whorl; sutures distinct, constricted, radial, straight; wall 
thin, calcareous, finely hispidj aperture equatorial, interomarginal, 
low arch extending back along both sides towards the umbilici,upper 
edge with a slightly raised lip which may develop into portici on the 
sides. 
Max. dimensions: Diameter 0.22 mm. Thickness O. 10 mm • 
. 
Remarks: The range for this species given by Barr (1962.) for the M. 
. -
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coranguinum Zone extending rarely into the Marsupites ~tudinari~ 
Zone, is consistant with that found in other parts of southern England, 
it is quite distinctive morphologically, although it is never found in 
any abundance. 
Range: Assemblage ~one C to lower part of Assemblage Zone E. 
!---
Family ROTALIPORIDAE Sigal 1950 
Subfamily HEDBERGELLINAE Loeblich Ed Tappan 1961 
Genu~ HEDBERGELLA Bronniman Ed Brown 1958 
Genotype Anomalina lorneiana d'Orbigny var. trochoidea 
Gandolfi 19L~2 
Hedbergelta brittonensis Loeblich Ed Tappan 1961 
PI.7. figs. 4,5. 
1934 Globigerina cretacen d'Orbigny; Morrow, p. 19S, PI. 30, 
figs. 7,8, 10a,b. 
1961 Hedbergella brittonensis Loe.blich Ed Tappan, pp. 274-5, 
1961 
1967 
1967 
1969 
1969 
PI.4, figs. 1-S. 
" 
portsdownensis (non Wi II iams-Mitchell); 
Loebl ich Ed Tappan, p. 277, Pi. 5, fig. 3 
___ '_' __ ..::b:;;,r..:,i.:..tt:.,:;o:;;,n.:.,:e:;,:.n.:.,:s::..:i.=-s Loebl ich Ed Tappan; Pcssagno, 
" 
" 
p.2S2, PI. 52, figs. 9-12. 
portsdownensis (non Williams-Mitchell); Bandy, 
p.S, t.fig.3. 
" 
(non Wi II iams-Mi tchell); Douglas 
&1 Rankin, pp. 194-6, fig. 7A-F. 
___ '_1 __ -=c:;.,:.f..:..,. ,-:a:;,;m:.;.;.:::a,;;b...;,.i.;..;1 i~s Loebl ich Ed Tappan; Douglas Ed Rankin, 
pp. 196-7, fig. SA-C. 
Test free, coiled in a moderately high trochospire, five 
chambers in the final whorl, the final chamber becoming situated In 
Cl position over, and masking the umbi lical region; chambers distinct, 
inflated, globular; sutures depressed, straight., radiate; wall cal-
careouse to more finely hispid, the final chamber often lacking in 
ornament; aperture umbilical to extra-umbilical, with a slightly 
raised lip on the upper margin. 
Max. dimensions: Diameter 0.50 mm. Thickness 0.44 mm. 
Measured from the lowe'r edge of the final chamber. 
1511 
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Remarks: A long ranging species, probably arising from the earl ier 
H. delrioensis (Carsey) stock (Pessagno 1967), as numerous transit-
ional forms between the two species have been' noted, including a large 
number of the specimens examined in the present study. The presence 
of these transitional forms probably accounts for much of the confusion 
between H. brittonensis Loeblich &I Tappan and its predecessor 
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H. portsdownensis (Williams-Mitchell). As Hart has already commented 
(1970), the type specimen of H. portsdowncnsis (BMNH No. P. 38283) 
when examined closely, is not the high spired form one is led to believe 
from the type figures (Williams- Mitchell, 19 lt8). In all probability it is 
an early transitional form from H. delrioensis. Thus,all those later 
publ ications which have recorded high spir'ed forms of H. portsdownensis 
are here listed within the synonymy of H. brittonensis. 
Included within the present synonymy is H. cf. amabili~ Douglas 
&I Rankin (1969), this has been done because of the simi larity of the 
figured specimens to H. brittonensis and the total lack of the character-
istic chamber elongation typically noted in H. amabilis Loeblich t1 
Tappan. The lack of this character is even noted by Douglas & Rankin 
in their discussion of the species. 
A much more detailed account of the evolutionary relationships of 
H. brittonensis has been given by Carter &I Hart (In press, B). 
Range: Assemblage Zones A-E. 
Hedbergella planispira (Tappan) 1940 
PI. 7, fig. 6. 
1940 Globigerina planispira Tappan, p. 12, PI. 19, fig. 12. 
Test free, small, low trochospire, almost planispiral, six to eight 
chambers in the final whorl; chambers inflated, globular; sutures 
straight, radial, constricted; wall calcar'eous, perforate, slightly rugose; 
aperture simple umbilical to extra-umbilical arch. 
Max. dimensions: Diameter 0.26 min. Thickness O. 13 mm. 
Remnrks: Numerous small specimens belonging to the genus 
Hedbergella have been extracted from samples throughout which 
could not be classified as juveniles from the H. delrloensis-
H. brittonensis lineage. Their general morphol<?gy is more akin 
to that of H. plonispira Tappan, a form mo,'e usually thought of as 
ranging between the Albian through to the upper part of the Turonian. 
The present form is believed to be a further continuation of this 
I ineage through the Coniacian. 
Range: Assemblage Zone A to the base of Assemblage Zone C. 
Family GLOBOTRUNCANIDAE Brotzen 1942 
Genus GLOBOTRUNCANA Cushman 1927 
Genotype Pulvinul ina arca Cushman 1926 
As was stated at the beginning of the Systematic Micropalaeon-
tology, the classification used here is based, almost entirely on that 
of Loebl ich and Tappan (1964). This pol icy has been maintained in 
connection with the Globotcun~anidae. This has led to the inclusion 
of several species within this family which were referred to the 
Marginotruncanidae n. fame by Pessagno (1967).A fuller discussion 
regarding this group of the Globigerinacca is given later, suffice it 
to say at present that the foundation on which Pessagno's family of 
the Marginotruncanidae is based is believed to be invalid. This being 
due to the fact that the family is based on the genus Marginotruncana 
(Hofker 1956), which in turn is based on the type species Rosalina 
mnrginata Reuss 1845, a species which is firmly believed to have 
been misidentified by Hofl<er (1956), in his erection of the genus. 
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Globotruncana cf. angusticnrinata (Gandolfi) 1942 
PI.7, figs. 7,8. PI. 9, fig. 1. 
1942 Globotruncana I innei (dIOrbigny) var. angusticnrinat? Gandolfi, 
pp.126, 150, 153,PI.4,figs. 17,30,t.fig.46. 
Test free, trochospir'al, biconvex more strongly on the spiral 
side, narrow double keel present around the whole of the periphery; 
chambers angular truncated, very slightly inflated, petaloid to slightly 
elongated, five to six In the final whorl; sutures elevated on both sides, 
curved becoming limbate on the umbilical side; wall calcareous, per-
forate except over the keels which appear to be beaded; umbilcus wide 
often filled with chalk thus apertural details difficult to determine. 
Max. dimensions: Diam~ter 0.61 mm. Thickness 0.34 mm •. 
Remarks: An uncommon species in the southern England succession, 
found on only a few occasions in the present study, and then very 
poorly preserved. For this t'oason the species Identification has not 
been confirmed. 
Range: Assemblage Zone A-B. 
Globotruncana bulloides Vogler 1941 
PI. 7, figs. 9,10,1',PI.15,fig.2. 
1941 Globotruncana linnei (dIOrbigny) subsp. bulloides Voglel', 
p.287, PI.23, figs. 32-39. 
1944 ?Globotruncana lapparenti bulloides Vogler; Bolli, pp.231-2, 
1951 II II 
1955 II bulloides 
II 
II 
t •• figs.17, lS,PI. 9,fig. 12. 
Vogler; Bolli, pp. 190, 19l1, 
fi g. 1. 
Vogler; Gandolfi, p.32, 
. PI. 1, fig. 91-c. 
1 957 _____ "___ ~m..:.;:a~.r ... g2.:i~l1::;a:.:.t:;:.a (Reuss); Edgell, p. 114, PI. 2, figs.4-6. 
1962 II lapparenti bulloides Vogler; Herm, pp. 84,05, 
PI.6, fig. 6. 
1962 ____ '_' ___ .....;.m:.:.il~r_g.;..;in..;.;a::;..:.;.;.ta (Reuss); Barr, (part), pp. 574-5, 
PI.70, fig. 3a-c, PI. 72, figs. 7,8a-c. 
1962 ____ 1_1 ___ .....:c:.:u:::.:l:..;v~e:.:.r~i.;:e~n:.;:s~i Sa r r, pp. 569-S 70, PI. 71 , fi g. 1 a -c. 
1962 " lapparenti bulloides Vogler; Pessagno, p. 360, 
PI.6,figs.13,14. 
1963 
" 
(Glotruncana) bulloides Vogler; van Hinte, pp. 83-4, 
PI.8, figs.3,4. 
1967 ____ '_I ___ ..:b:;:..u::..:..;lI~o:..:.i.;:d:.;:e:.;:s:.... Vogler; Pessagno, pp. 324-8, PI. 64, 
figs.1S-17,PI. 67,figs.1-3,PI. 73, 
figs.9,10, PI.7S, figs. 4-8. 
1969 Globotruncana margina tn (Reuss); Douglas, pp. 182-3, PI. El, 
fig.5 (non fig. 4. ) 
1969 ________ " __________ "__ __ (Reuss); Douglas & Rankin, pp. 203-7, 
1969 
1970 
1973 
II 
" 
" 
figs. 14, 15. 
pseudolinneiana (Pessagno); Douglas & Rankin, 
pp. 207-8, figs. 16, 17. 
bulloidas Vogler; Porthault, in Donze et ai, 
p. 03, PI. 11, figs. 20-22. 
" 
Vogler; Postuma,pp. 20-1, 7 figs. 
Test free, low trochospire, slightly biconvex in side view, 
margins truncated with two distinct keels around the periphery; 
chambers distinct, inflated both dorsally and ventrally, petaloid, in-
creasing uniformly in size, six to seven in final whorl; sutures dis-
tinct, depressed strongly at the margins J radial, curved, masked by 
lobate keel on the umbilical sur'face; \vall coarsely perforate, calcar-
eous, pustular ornament, moreso on spiral side, keels widely set and 
beaded; aper!ure umbilical, umbil icus small with evidence for the 
development of a tcgllla, although this is very rarely preserved. 
, 
Max. dimensions: Diameter O. 49mm:rhickness 0.23 mm. 
Remarks: This species has often been confused with G. marginata 
{Reuss}, which stems from the fact that they are probably end mem-
bers of one lineage with a full r'ange of transitional forms between the 
two. The two species have been separated here using the criteria out-
lined by Herm (1962) and found to be of value in the present study. 
Globotruncana bulloides is distinguished as follows:-
a) the umbilicus is'small and the aperture is umbilical, 
b} the keels are well developed on the umbil ical side 
and are distinctly lobate, 
c) the keels are also widely spaced around the 
periphery. 
These features are no't seen in true examples of G. marginata t 
which has narrow keels, radial sutures on the umbil ical side ond a 
shallow, wide umbi I icus. There is rarely evidence for the development 
of a tegilla in the latter species. 
The present author agrees with Pessagno (1967) with regards to 
the inclusion of G. culveriensis Barr into the synonomy of G. bulloides, 
the presence of a single keel on the final chamber is quite variable 
and in this case is not considered to be a distinct enough character in 
the erection of a separate species. 
There is a strong possibility that G. paraventricosa (Hofl<er) 
should be considered as conspecific with the present group, however 
the original diagrams are too poor to be certain of a good comparison 
and the description is also imprecise on important characters. 
Range: Assemblage Zones A-F. 
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Globotruncana can~diculata (Reuss) 1854 
PI. 7, fi g s. 1 2, 1. 3, 1 4, 1 5. 
1054 B..osalina canaliculata Reuss, p.70, PI.26, fig.4a,b. 
1956 Q.lobotruncana marginata (Reuss); Jirova, PI. 1 ,fig. 1 a-c. 
1960 ____ " ___ ..::.c::;.:;a:.:.n.:.;a:;.;~i.;;:;c..;;;:u~la~ta (Reuss); Trujillo, p. 341, PI. 50, 
fig. 1 a-c. 
1967 Marginotruncanc",-I __ '_' __ (Reuss); Pessagno, pp. 302-4·, PI. 74, 
figs. 5-0. 
1970 Praeglobotruncana (Dicarinella) cana I iculata (Reuss); Porlhaul t, 
in Donze et ai, p. 72, 
PI. 13, fig. 24. 
Test free, low trochospiral, relatively large diameter, margin 
truncate, with two distinct keels; chambers distinct, inflated on both 
sides, sub-globular, petaloid,6 to 0 in the final whorl; sutures con-
stricted, radial, straight to sl ightly curved on the umbi I ical side, 
curved on the spiral side; wall perforate, calcareous, well developed 
pustular ornament, almost tuberculate, keels distinct, beaded; aperture 
shallow interomarginal arch, umbllical-extraumbilical, may be covered 
by tegilla with distinct porticl. 
Max. dimensions: Diameter 0.58mm. Thickness 0.27 mm. 
Remarks: Typical of the genus as a whorl, this species has often 
been confused with other closely similar species. In this case Q.:.. 
lapparenti Brotzen is often quoted, although having much less globular 
chambers, and.a fairly wide umbi licus. G. marginata is again often 
confused with this species but this has distinctly fewer chambers in 
the final whorl. Both were described by Reuss (t 854) from the same 
area of Austria, and in fact the specimen figured as a neotype for 
G. marginata {Reuss} by Jirova (1956) is thought to be G. canaliculata 
rather than the species it was intended to represent. 
Range: Assemblage Zone A. to base of Assemblage Zone E. 
Globotruncana concava ta (Brotzen) 1934 
PI.B, figs. 1,2,3. 
1934 Rotalia concavata Brotzen, p.66, PI. 3, fig. 6. 
1941 ? Globotruncana I innei (dIOrbigny) subsp. pendens Vogler, p. 287, 
PI.24, figs.'4-6, not figs. 1,2,3,7. 
1955 Globotruncana (Globotruncana) ventricosa ventricosa 
White; Dalbiez, p. 168, t. figs. 7a-d. 
1955 II II ventricosn carinata 
Dalbiez, pp. 168-9, t. figs. Oa-c. 
1957 ____ II ___ ---..:c:;.;o:;.;n..:..;c:;.;a;;;.v,;..;a;;;.t=.,a .(Br<?tzen); Boll i et ai, p. 57, PI. 13, 
fig.3a-c. 
non 1962 ____ " _______ "__ (Brotzen); Herm, pp. 70-1, PI. 5, fig. 4. 
1962 ____ " _______ "__ (Brotzen); Barr, p.569, PI. 71, fig. 4a-c. 
1967 Marginotruncana II (Brotzen); Pessagno, pp. 304-5, PI. 58, 
figs. 1-9, PI.95,fig~.6,7,PI.99,figs.I-3. 
1-970 Praeglobotl"uncana (Dicarinella) concavata (Brotzen); Porthaul t, 
in Donze et ai, p. 73, 
PI.IO,fig. 7,8. PI.13, 
fig.25. 
1971 Globot,"uncana concavata(Brotzen); Postuma, pp.26-7, 7 figs. 
Te~t fr-ee, low trochospirc, dorsal side flat to slightly concave, 
ventral side strongly convex, angular periphery with two distinct, 
closely set keels; chambers distinct, rapidly increasing in size in 
final whorl, flat on dorsal side, strongly inflated in later stages on 
on the umbilical side, five to six chambers in the final whorl; sutures 
distinct, slightly elevated and curved on the spiral side, radial and 
deeply constricted on the umbi I ical side; 
I 
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wall perforate, calcareous, smooth to rugose on the dorsal side, 
pustular ornament developed on the outer umbilical surfaces, keels 
beaded; aperture interomarginal low arch, umbilical to slightly 
extra-umbilical, umbilicus deep, some evidence for the development 
ofa tegi"a. 
Max. dimensions: Diameter 0.57 mm. Thidmess 0.34 mm. 
Remarks: The occurrence of this species is sporadic, but neverthe-
lesz of great stratigraphic value. 'It is a distinctive form and 
preservation has been relatively good. 
Barr (1962) notes the range of G. concavata (Brotzen) as 
covering most of the Micraster zones of Culver CI iff. It has been 
found with certainity thr.oughout the M. coranguinum Zone as far as 
the lowest part of the U. socialis Zone in the present study, from 
Kent, Essex and Quidhampton. 
Van Hinte (1976) indicates the range of G. concavata as 
encompassing the upper half of the Coniacian and the lower part 
of the Santonian, a situation with which the present distribution 
fully equates, if the zonal scheme outlined by Case~' et al (in press) 
is followed. 
Range: ?Assemblage Zone B. Assemblage Zones 0 to F. 
Globotruncann I innciana (d'Orbigny) 1839 
PI. 8, figs. 4,5,6. 
1839 Rosal ina I inneiana d'Orbigny, p.ltO, PI.s, figs.lO-12. 
d'Orbigny; de Lapparent pp.1-17,t.fig. 1 91 8 ___ "_-.;..I,;.;.i n..:.;n..;.e:;..:...i 
2, fig. g. 
19L~1 Globotruncana Iinnei typica (d'Orbigny); Vogler, p.286, PI.23, 
fi gs. 1 2-22. 
1941 ____ 11 _____ '_, _...:t:.:.r,.;.i;::c,!:!a.:.r.:.,:i n:..:.a~-.!:ta;!.. (Quereau); Vogl e r (pa r t) , 
p. 287, PI. 23, figs. 22-5, 
27, 28, 31, (non 26, 29, 30) • 
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1956 linneiana (dIOrbignY)j Bronniman & Brown, ------------~~~~~ " 
pp.540-2, PI.20, figs. 13-17,PI.21 , 
figs. 16-18. 
1962 Globotruncana lapparenti lapparenti Brotzenj Herm, pp. 82-4, 
PI. 6, fig. 2. 
1962 _____ " ______ ~tr~i~c:;.::a:..:r_'i:.:..n.:.;;;a;..;t_a {Quereau)j Herm, pp. 93-4, PI. 6, fig. 4. 
1962 ______ " _______ ~li~n~n~e~i~a~n~a~l~in~n~e~.·~la~n~a~ (d'OrbignY)j Barr, pp.571-2, 
PI. 69, fig. 7a-c, PI. 72, fig. 5. 
1962 ____ " __________ "____ .:.t:...r.:..;:i c:::.;a::.:r~;.;.·1 n~a;;.;t;.,;;:.,a (Que reau); Sa r r, pp. 573-4, 
PI. 70, fig.2a-c. 
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1967 
------------------------
" " 
(d'OI"bignY}j Pessagno, pp.346-9, PI.72, 'l 
figs •. 1-4-9, PI. 97, figs. 11-13. (full syn1onomy) 'I 
i 1969 ______ " ____________ ,_, ___ (d'OrbignY)j Douglas, pp. 101-2, PI. 3, I 
'i ! fig. 1 a-c. 
Test free, low trochospiral, both sides flat to very slightly 
convex, margins distinctly angular and truncated, with two well spaced 
keels, the wall in between these is vertical; chambers distinct, petaloid, 
flat or very slightly inflated, six to seven in the final whorl; sutures 
curved, raised on the spiral side, slightly lob'ate . to radiate on the 
umbilical side, slightly constr-icted at the margins; wall perfor'ate, 
calcareous, smooth to slightly pustulosej primary aperture intero-
marginal, preservation to poor to show the development of a tegi Ila. 
Max. dimensions: Diameter O. '10 mm. Thickness O.2S mm •. 
Remarks: Problems concerning this species have arisen ever since 
d'Orbigny first described the species from beach sands from Cuba. 
Soth Pessagno (1967) and Douglas (1969) give useful lengthy discissions 
of the species, and that of the latter is particularly valid. 
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In the present study G. linneiana occurs higher in the section, 
where it can be more easily distinguished from G. pseudolinneiana 
(Pessagno) by the wider spacing of its keels. 
Barr's material from the Isle of Wight, hQused in the British 
Museum (Natural History), has been examined and both his subspecies 
of G. linneiana have been included in the present synonymy. 
Range: Assemblage Zones D to F. 
Globotruncana marginata 
PI. 8. figs. 7,8, 9. 
1845 Rosalina marginata Reuss, p.36, PI.8, figs. 5/.j.a,b,74a,b, 
PI. 13,fig.68a,b. 
1854 _______ " ________ " __ ~ Reuss; Reuss, p.69, PI. 26, fig. 1 a-c. 
1910 Globigerina marginata (Reuss); Heron-Allen & Earland, p.424, 
1917 
1925 
1928 
1937 
1946 
PI.9, figs. 1-3. 
____ . _______ (Reuss); Chapman, p. 4L~, PI. 12, fig. 126. II 
" 
____________________ (Reuss); Franke, p.93. PI.O, fig. 16a-c. 
__________ (Reuss); Franke, pp. 192-3, PI. 18, fi g. 9a-c. 
________________ (Reuss);Loetterle,pp.44-5, PI. 7, fig. 3a-c. 
" 
II 
II 
" 
" " 
---,~;..;....;..:~~ _____ (Reuss); Schijfsma,pp. 97-8,PI. 7, Rosal inella II 
fig. lOa-c. 
1946 Globotruncana" (Reuss); Cushman, p. 150, PI. 62, figs. 1 ,2. 
1954 ___ '_' ____ " ___ (Reuss); Hagn & Zeil, pp. 46-7, PI. 2, 
fig. 4a-c, PI. 7, figs. 5,6. 
1956 Marg!!Jotruncana marginatn (Reuss); Hofker, pp.522-4, t. 
figs. 6a-f, 7, Sa-d. 
1956 Marglnotruncana paraventricosa Hofker, p.328, t. figs. 17-18. 
1956 Globotruncana marginata (Reuss): Jirova, pp.240-9,PI.3, 
fig.la-c, (non PI.1, figs 1-3, PI.2; 
figs. 1-2, PI.3, figs. 2,3.) 
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1958 
[ 
!t 
____ "_______ " __ (Reuss); Wit wi cka. PI. t 7. fi g. 34a-c. ,j I 
1960" II (Reuss); Tollmann, pp.19l~-5,PI.21, I 
,I 
I 
. 3 ',I fig. • 
1961 Globotruncana paraventricosa (Hofker)j Vasilenko, p.151 ,PI.33, 
fig. 1. PI. 34, figs. 1-4, PI. 35, fig. 1. 
1962 ____ "____ -=m~a~r .. gi.:.i.:..:n~a~ta~..J:(Reuss); Barr .(part), pp.571l-5, 
PI. 72, fi gs. 7, 8a-c. 
II (Reuss); Herm, pp. 85-6, PI.5, 
-----------------------
" 
1962 
fi g. 5. 
1965 II (Reuss); van Hinte, p.23, PI. 1 , 
----------------------
" 
1967 Marginotruncana II 
1969 Globotruncana 
" 
1970 Mar'ginotruncana II 
1973 Globotruncana II 
fig.2a-c. 
(Reuss); Pessagno, pp. 307-310, 
PI. 54, figs. 10-12. 16·-1 e, PI. 56, 
figs. 10-12, PI. 99,figs.5-7. 
(Reuss); Douglas, pp. 182-3, PI. 8, 
fig.4 (non fig. 5). 
(Reuss); Porthault, in Donze et ai, 
pp. 74-5, PI.l0,figs.18-20,PI.13, 
figs. 21,23. 
(Reuss); Norling, in Bergstrom et ai, 
p.l1', PI.8, fig. la-c. 
Test free, low trochospire, very sl ightly biconvex, margin with 
two closely placed keels; chambers inflated both ventrally and dorsally, 
globular, petaloid, elongate in tho direction of growth, five to six in 
the final whorl; sutures constr'icted, radial, straight on the umbi I leal 
side, straight to slightly curved dorsally; wall perforate, calcareous, 
smooth to finely tuberculate, keels slightly beaded; aperture umbilical 
, interornargina I low arch, may be sl ightly extra-lJmbi I ical; 
I 
I 
I 
\ 
. , 
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umbi I icus wide, shallow, I ittle evidence for the presence of a tegi lIa. 
Max. dimensions: Diameter 0.63 mm. Thickness 0.25 mm. 
Remarks:Reussls original diagrams of this species are far too small 
to show any of the important characters of this species, first des-
cribed from the Bohemian Upper Cretaceous (1845). We are thel~efore 
dependant on his later work on the Austrian Cretaceous (1854), in 
which G. marginata is figured on a much larger scale. In this diagram 
the characteristic features of the narrow keels, radial straight sutures 
and arcuate inflated chambers are all distinct, and It is this concept of 
the species which has been followed in the present study. 
Hofker (1956) uses what he believes to be Rosalina marginata 
Reuss as type species for his new genus Marginotruncana, al though his 
choice of single keeled forms for this species leads one to doubt his 
identification of the group. He also placed the single keeled Praeglo-
botruncana turbinata (Reichel) in his new genus, and this, in a genus 
defined on a species which was originally described with two keels, 
makes his taxonomic designations totally unncceptable. 
In the same year Jirova (1956) attempted to define a nco type of 
G. marginata, the original specimens being lost. However, the range 
of variation included within her descr'iptions goes well beyond that 
illustrated by Reuss and the specimen selected as the neotype bears 
a much closer resemblence to G. canaliculata (Reuss), first described 
from the same section as G. marginata. 
Pessagno1s (1967) concept of the species is accepted, although 
his use of the generic nume Marginotruncana Hofl<er is again questioned 
due to the dubious nature of the originul description. 
Globotruncana pseudol inneiana (Pessagno) 1967 
PI. 0, figs. 14, 15, lG. 
1966 Globotruncana linneiana (d'OrbignY)j Caron, p.83, PI.5, 
fig. 3a-c. 
1967 Marginotruncana pseudolinneiana Pessagno, p.310, PI.65, 
figs. 24-27, PI. 7G. figs. 1-3. 
1970 
" 
II Pessagnoj Porthaul t, in Donze 
et ai, p. 79,PI.11, figs. 9,10, 
PI.13, figs. 19,22. 
Test free, very low trochospiral, both sides flat to slightly 
convex, two narrowly spaced, beaded keels around the whole 
periphery; chambers el,?ngate petaloid on spiral side, lobate on 
umbilical Side, flat,five to seven in the final whorl, increasing 
regularly in size; sutures slightly depressed at the margins, raised 
both dorsally and ventrally curved on spiral side, lobate on umbilical 
side; wall coarsely perforate, calcareous, keels show distinct rugose 
beading; aperture extra-umbilical to umbilical, low interomarginal 
arch; umbilicus Shallow, wide, no evidence for the presence of a 
tegilla has been found, although the umbilical area is rarely preserved 
well. 
Max. dimensions: Diameter 0.68 mm. Thickness O. 19 mm. 
Remarks: As Porthault (1970) comments, there appears to be a 
continuous range in morphology between the pr.esent species and 
G. linneiana (d'Orbigny), 'with {III transitional forms present between 
the two. The characters which are considered to be important in this 
lineage are the migration of the aperture into a totally umbilical 
position and t~1e relative depth of the chambers, which tends to increase 
. with time. Portl1ault asserts that G. linneiana does not truly appenr until 
late in the Santonian, whereas It is here considered that earlier forms 
--
may be placed in this species, extending its' range into tile lower 
Santonian. 
This species is common throughout most of the section, but 
more particularly in the lowermost Assemblage Zones A and B. 
Range: Assemblage Zones A-F. 
Globotruncana renzi (Gandolfi) 1942 
PI. 8, fig3. 17, 1 S,PI. 9, fig. 2. 
1936 Globotruncana appenninica-I innei Renz, PI.6, figs. 16,21-6, 
(non figs. 17-20), PI. 8, figs. 3,5 
1942 
" 
renzi 
1942 _______ '_' _________ ,_, __ 
1966 _______ '_' _________ ,_,_ 
1967 Marginotruncana II 
1970 _______ '_' _________ '_1 __ 
1971 Globotruncana 
" 
(non fig. 2). 
Thalmann, p.8. (nomen nudum). 
Gandolfi, p.124, t. fig. 45Cl-c, PI. 4, 
fig. 15. (non PI. 3, fig. 1 a-c, PI. 4, 
figs. 16,28-9, PI.l0,fig.2). 
Gandolfi; Caron, pp. 77-9, fig. 4. 
(non fi g. 5. ) 
(Gandolfi); PessClgno, pp.310-3,PI.55, 
figs. 4-7, PI.65, figs. 20-3, PI.98, 
figs. 3,4. 
(Gandoll); Po"thault, In Donze et ai, 
pp. 75-6, PI.l0, figs. 13, 14. 
Gandolfi; Postuma, pp. 54-5, 7 figs. 
Test free, low trochospire, plano-convex to biconvex, periphery 
acutely angled, marked by two very narrowly spaced keels, normally 
fusing to form a single keel in the later 'chambers; chambers elongate 
petaloid, Inflated 011 the umbilical side, five to six in the final whorl, 
" 
--n 
increasing gradually in size; sutures radial and 51 ightly constricted 
on umbil ical side, raised as curved beaded keel on spiral side; wall 
perforate, calcareous, smooth; aperture extra-umbilical to umbilical, 
poorly preserved in present examples. 
Max. dimensions: Diameter 0.56 mm. Thickness 0.25 mm. 
Remarks: Like G. concavata (Brotzen) the present species shows 
a sporadic occurence in the Engl ish succession, although its ronge 
is slightly lower in the section. 
Porthau I t (1970) and van Hinte (1976) both record it as having an 
Upper Turonian to middle Coniacian distrubution, and If Casey et a,l 
(in press) are followed, this stratigrophic range is also present in 
the English Chalk. 
Range: Assemblage Zone A to the base of Assemblage Zone D. 
Genus WHITEINELLA Pessagno 1967 
Genotype Whiteinella archaeocretacea Pessagno 1967 
Whiteinella baltica Douglas & Ranl<in 1969 
Pi. 10, fig.5. 1,2,3,4. 
1969 Whiteinella baltica Douglas & Rankin, p. 197, fig. 9A-I. 
1969 Hedbergella bornholmensis Douglas & Rankin, p. 193, fig. 6A-I. 
Test free, low trochospiral, periphery strongly lobate and 
rounded; chambers distinctly inflated, particularly in final whorl of 
four to five chambers, more usually four, sub-sphaericalj sutures 
constr-icted, radial to sl ightl y curved; wall calcareous, perforate wi th 
a tuberculate ornament; apertllre umbilical to slightly extra-umbilical, 
with evidence of an umbi I ical flap in well preserved specimens. 
Max. dimensions: Diameter 0.37 mm. Thickness 0.24 mm. 
. 
j 
Remarks: This species, originally described from southern 
Scandinavia, has proved to be relatively common in the English 
succession. The chamber arrangement and umbil ical position of the 
primary aperture is quite distinctive. Topotypic material from the 
island of Bornholm has been extensively studied and it is thought 
tha,t Hedbergella bornholmensis should probably be included in the 
synonomy of W. baltica, the differences outlined by Douglas & Rankin 
being merely representative of the stage of growth. A study of the 
population shows a full range between the two species. 
Range: Assemblage Zones A to E. 
Genus ARCHAEOGLOBIGERINA Pessagno 1967 
Genotype Archaeoglobigerina blowi Pessagno 1967 
Archaeoglonigerina bosquensis Pessagno 1967 
PI. 10, figs. 5,6. 
1967 Archaeoglobigerina bosquensis Pessagno, pp. 316-7, PI. 60, 
figs. 7-12. 
19G9 II II Pessagnoj Douglas & Rankin, 
pp. 199-200. figs. 10, 11. 
Test free, medium to high trochospiral, periphery lobate 
chambers distinctly inflated, globular, increasing in size, final 
chamber may be small and becoming positioned over the umbil icus, 
five to six in the final whorl; sutures radial, straight, deeply con-
strictcdj wall perforate, calcareous, rugose in early chambers of 
last whorl; aperture umbilical interomarginal semi-circular arch, 
covered by a small flap, Which is rarely preserved, umbilicus deep 
and narrow. 
Max. dimensions: Diameter O. 4/~ mm. Thickness 0.28 mm. 
I. 
I 
Remarks: As Douglas & Rankin (1969) point out, the juveni Ie forms 
of this species are difficul t to distinguish from the W. ba I tica group, 
although more adult forms tend to be larger, with a higher trochospire 
and a larger number of chambers in the final whorl. 
It appears slightly later in the English succession than W.baltica 
and it is thought that it could well be a continl..lation of the same 
evolutionary lineage. 
Range: Upper part of Assemblage Zone C to Assemblage Zone F. 
DISCLISSION OF THE FAMILIES ROTALIPORIDAE SIGAL 5' 
GLOBOTRUNCANIDAE BROTZEN. 
When viewed from a chronological standpoint it appears that 
the division of the Rotaliporidae and the Globotruncanid~e, as dis-
cussed by Loeblich 5' Tappan (1964) is one of a stratigraphic nature 
rather thai' being phylogenetically based. This classification has 
been used in the present study quite successfully, although it is 
felt that a few comments should be made with regards to a few of 
the taxa which may be positioned incorrectly. 
The use of the family name RotaliporidaE: is questioned, when 
it is based on a genus which is an off-shoot of the main Hedbergella 
stock. Surely the Rotalipora group should have a lower taxonomic 
status than the ancestral, and longer ranging Hedbergella. Banner 
fl Blow (1959), in their discussion of the Globigerinacea, wou Id seem 
to indicate a similar view, as they illustrate (t. fig. 2) the Rotalipora 
and Globotruncana genera evolving separately from a common 
Hedbergella stock. 
There Is the possibil ity that the Globotruncanidae originated 
from the Rotal iroridae via the Praeglobotr'uncana group, a concept 
followed by the present author. 
168 
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Pessagno (1967) attempted to bridge a f-..lrther transitional stage by 
introducing the Mars:linotruncanidae as th€l intermediate form between 
the other two families. However, as mentioned previously, the use 
of this name by Pessagno, based on an incorrectly identified group 
of specimens of Hofker's (1956), cannot here be supported. 
It is acknowledged however, that there is a.substantial group 
of primitive members of the genus Globotruncana present during the 
late Turonian - Coniacian interval, characterised by a more extra-
umbi I ical position of the primary aperture, and the lack of umbi I ical 
ornamentation in the form of a tegilla. This group, including species 
such as G. pseudolinneiana, G. renzi, G. canaliculata and particularly 
G. mcu:.s.ina ta , has been encountered in large number's in the course 
of this work and the relationships of these species with their later 
relatives has been discussed. There is a need to recognise this 
primitive group, as noted by Porthault (1970,1974), but the use of 
the name Marginotrul1canida(~, is seriously questioned. 
Porthault also appears to be correct in his grouping of the 
genera Whiteinella, Archaeoglobigerina and Rugoglobigerina under 
one taxonomic heading, rather than the bilateral division of Whit-
elnella into the Marginotruncanidae and the other two into the 
----- ..
GJobotruncanidae, as suggested by Pessagno (1967). These three 
genera are believed to be one evolutionary lineage, originating from 
the Hedbergella group during the mid - Turonian, represented by 
Whiteinella in the lower Senonian, with Archaeoglobigerina and 
Rugos'obigerina arising from this bac.;ic· stock. 
i 
,I 
I 
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Thus there are several major planktonic lineages present in 
the lower Senonian, running their own separate parallel courses. 
The unkeeled forms of the genus Hedbergclla continue as they have 
done since the Lower Cretaceous, although with decreased import-
ance. From this evolves the Whiteinella - Rugoglobigerina lineage 
discussed above, which continues through the Maastrichtian. 
There is an abundance of IIprimitivell double - keeled species 
during the Turonian and early Coniacian, including G. renzi, Q. 
pseudalinneiana and G. canaliculata. The evolutionary trend towards 
more lobate umbilical sutures and wider keels, occurs during the 
Coniacian, typified by the abundance of transitional variants between 
G. marginata and G. bulloides. By the mid - Santonian the distinct 
G. I inneiana plexus and the other' Late Senonian I ineages have 
evolved. 
A brief summary of the fami Iy Globotruncanidae, as encountered 
in the' present work, is given in Figure 4:5, and as a classification 
should be correctly based on phylogenetic relationships rather than 
stratigraphic divisions, it is suggested that lineages such as those 
.. 
illustrated should be used as the basis of new taxonomic groupings. 
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Lower Senonian evolutionary trends in the genus Globotruncgna 
---::---........ -~---------------:-------;-.----- - --------------
Superfamily ORBITOIDACEA Schwager 1876 
Family EPONIDIDAE Hofker 1951 
Genus EPONIDES De Monfort 1808 
Genotype Nauti Ius repandus Fichtel u Moll 1798 
Eponides cf. cnncinna Brotzen 1936 
PI. 10, figs. 7,0. 
1936 Eponides concinna Brotzen, p.167, PI. 12,fig. 4a-c. 
172~T 
1966 ___ 11 __ cf. concinna Brotzen; Barr, p.50S, PI. 79, fig. 2a-c. 
Test free, trochoid, biconvex, dorsal side more weakly convex 
than ventral, partially involute, tightly coiled, periphery almost cir-
cular, more rarely slightly lobate, chambers distinct, slightly 
inflated, moreso on the ventral side, gradually increasing in size, 
9 to 11 in the final whorl, which tends to overlap and hide earlier 
chambers; sutures distinct, dorsally flush, oblique, ventrally slightly 
depressed, radiate, curved; wall smooth, calcareous, finely perforate; 
aperture narrow slit, along the inner margin of the final chamber, ex·· 
tending from the umbilicus almost to the peripheral edge; umbilicus 
varies from shallow to rnore normally being totally filled by an 
umbi I ical boss, which may be apparent on the dorsal side. 
Max. dimensions: Diameter 0.42 mm. Thickness 0.20 mm. 
Remarks: The variable characteristic of this species appears to be 
the presence and form of the central boss, or plug, as it is referred 
to by Barr (1966). Brotzen (1936) refers to this variation in his 
original description, although the typical form in his study appears 
to be that which has a centra I boss visible on the dorsal side, and 
a shallow umbilicus on the ventral. The present form differs, as 
described above, in having a d!stinct ccmtral boss present on the 
umbi I ical side. 
Examples of Barrs I material, which were extracted from 
the isolated pocket of Senonian chalk of Ballydecnlen, Southern 
Ireland, are housed in the British Museum (Natural History) 
(No. P45697). These have been examined and his specimens have 
proved to be identical to those noted from sections across southern 
England. 
Range: Top of Assem!:>lage Zone D - Assemblage Zone F. 
Family CIBICIDIDAE Cushman 1927 
Subfamily CIBICIDINAE Cushman 1927 
Genus CIBICIDES De Monfort 1800 
Genotype Cibicides refulgens De Monfort 1 BOO 
Cibicides beaumontianus (dlOrbigny) 10/ .. 0 
PI. 10, figs. 9,10,1t. 
1840 Truncatulinabeaumontiana dlOrbigny, p.35, PI.3, figs. 17-19. 
1878 ____ " __ ...;.;lo:;.::b;.:;a:.,:t;.:::u:.;.;la;::. (dlOrbigny); Marsson, p. 167, PI. 5, 
fig. 30a-f. 
1 899 ____ " __ ....;c~o::;.:n..:.v:..:e::.::x.;,:a;!... Reuss; Egger, p. 149, PI. 10, figs. 25-7. 
1928 "beaumontiana dlOrbigny; Franke, pp. 176-7, 
PI.XVI, fig. 6a-c. 
1934 Cibicides 
" 
1936 ______ " ___ ....;e::;.:x~c~~a~v~a~t~a~ 
1941 II beaumontiana 
1946 _____ " ___ ~e~x~c~a~~~'a~t~n~ 
1948 
" " 
(dlOrbigny); Brotzen, p.61. 
Brotzen, pp.189-190, PI.13, 
figs. 7a-c, 8a-c. 
(dlOrbigny); Marie, pp. 2/~9-250, 
PI. 37, figs. 352-4. 
Brotzenj Schijfsma, pp. 100-1, 
PI.6, fig. 7a-c. 
Brotzen; Wi 11 iams-Mi tchell, p. 103, 
PI.9, fig.6a,b. 
1954 
1957 
1957 
1961 
1966 
" 
(Cibicides) excavatu~excavatus 
Brotzenj Vasilenko, pp.131-2, 
PI.20, figs. la-c, 2a-c. 
" 
excavata Brotzenj Hofker, pp.93-4, t. 
fig. 96a-i. 
II beaumontianus (d'Orbigny); McGugan, p.344, 
PI. 32, fig. 24a-c. 
" (Cibicides) excavata Brotzenj Vasilenko, p.132, 
" 
beaumontiana 
PI.26, fig.3a-c. 
(d'OrbignY)j Barr, pp.507-8, 
PI. 79, fig.4a-c. 
Test attached, plano-convc>_, shape variable, dorsal side may 
become concave, ventral side distinctly inflated, convex, margins 
distinctly rounded; chambers distinct, inflated, sub-globular, 
increasing rapidly in size, five to six in the final whorl, may become 
elongate along the direction of growth in luter stagesj sutures dis-
tinct, depressed, straight, radiully arranged; wall smooth, to very 
slightly rugose on the ventral side, due to it's coarsely perforate 
nature, less distinctly perforate on the dorsal side, calcareous, 
relativel y robustj aperture equa torial sl it to semi-ci rcular hoi e, 
extending back along the dorsal side, following the spiral suture. 
Max. dimensions: Diameter 0.68 mm. Thickness 0.46 mm. 
Remarks: The attached habit of this species leads to considerable 
morphological variation, especially on the dorsal side, along which 
the attachment is made. Due to this variation it follows that there 
has been a subsequent divergence of nomenclature. 
The original figures given by d'Orbigny (1840), allowing for 
their stylised form, do illustrate the typical form of the species. 
It should also be noted that examples of this species examined by 
d'Orbigny were also derived from material taken from southern 
England. Brotzen (t 936) erected the species C. excavata for 
examples taken from Eriksdal, and attempted to distinguish this 
from g. beaumontianus (d'Orbigny). The characters he chose for 
the separation of C. excavata were the strongly rounded nature of 
the margins, the distinct appearance of the chambers on the ventral 
side, and the presence of an umbilicus. All of these are believed to 
fall within the range of variation exhibited by C. beaumontianus, thus 
the two forms are thought to be synonymous. 
The stratigraphic value of this species and closely related 
forms of southern England was fi rst noted by Wi II iams-Mi tchell 
(1948), and this is discussed more fully below. 
Range: Assemblage Zones 0 - F. 
Cibicides beaumontianus (d'Orbigny) var. A. 
PI.l0, figs. 12,13. 
1954 Cibicides (Cibicides) excavatus excavatus Brotzen; Vasilenko, 
pp. 131-2, PI.20,fig.3a,b. 
1961 1\ 
" 
II Brotzen; Vasilenko, p.132, 
PI. 26., figs.la,b, 2a,b. 
Test attached, dorsal side strongly concave, forming straight 
groove, ventral side convex, inflated, margins acute; chambers 
slightly inflated, increasing uniformly in size; wall calcareous, per-
forate on ventral side; aperture marginal, semi-circular arch. 
Max. dimensions: Diameter 0.59 mm. Measured along the long axis. 
Th ickness O. 28 mm. 
175 
Remarks: The basic morphology is 'that seen in the typical for-ms of 
Cibicides beaumontianus (d'Orbigny) except for one major feature. 
The form of attachment is such that the dorsal side becomes extremely 
concave, to the extent that it is almost enrolled. All that remains 
visible of this enrolled side is an incomplete tube-like depression, 
through which a piece of plant matter may have p~ssed during life. 
This distinct variant has been noted from the U. S. S. R. in 
general by Vasilenko (1954) and more particularly from the Mangyshlak 
Peninsula, on the eastern seaboard of the Caspian, by the same 
author (1961). 
It may simply be an extreme variant of g. benumontianus, but 
as its stratigraphic distribution is of some valuc, it has been main-
tained as a separate variety. 
Range: Assemblage Zones E - F. 
Cibicides ribbingi Brotzen 1936 
PI.tt, figs. 1,2,3. 
1936 C i bicides ribbingi Brotzen, pp. 186-9, PI. 13, figs. 
Sa-c, 6a-c, t. fi gs. 67,68. 
1948 
" " 
Brotzenj Williams-Mitchell,p. 103, 
PI.9, fig.Sa,b. 
1973 
" " 
Brotzenj Koch, pp.211-2. 
Test attached, plano-convex, dorsa I side distinctly fla ttened, 
ventral side inflated slightly, convex, peripheral outline extremely 
variablc, especially in later chambers which show a tendency to 
become irregular, margin aCLltely angled; chambers distinct, in-
creasing gradually in sizc; sutures flush on the dorsal side, slightly 
depressed on the ventral side, straight, radiatej wall calcareoLls, 
1 
17"1 '~; 
smooth, perforate particularly, on the ventral surfac:e; .apertural slit 
on the inner margin of the final chamber, extending round towards 
the Llmbilicus, which may be shallow to absent, and on to the dorsal 
surface. 
Max. dimensions: Diameter 0.57 mm. Thickness 0.25 mm. 
Remarks: There is the possibility that this species could be a 
phenotypic variant of C. beaumontianus (d'Orbigny), and this was 
suggested by Barr (1966), when he included C. ribbingi Brotzen in 
the synonomy of dlOrbignyls species. This is not thought to be the 
true situation for the following reasons. The differences in overall 
shape between the two species are distinct and there is no evidence 
of any transitional forms, although it is felt that the species in 
question are very closely related. Furthermore, the lowest occurcnce 
of C. ribbingi is always slightly later than that of C. beaumontianus, 
and this fact is of stratigraphic value. 
The first appearance of this species was also noted by Wi II iams-
Mitchell (1948), and his figured specimens have been examined in the 
British Museum (Natural History) (No. P.50312). These we .... e found 
to be identical to be identical to the forms discussed here. 
Range: Assemblage Zones E -F. 
The Stratigraphic value of the Clbicides bcnumontianus-C.ribbingi Group. 
As noted above, the significance of this group in the strati-
graphical succession was first recorded by Wi II iams-Mitchell (1940), 
in his discussion of the zonal value of Foraminifera in thp. EnglishChalk. 
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The distribution that he records for the two species C. ribbingi 
Brotzen and C. excnvata Bratzen, here referred to ilS C. beau-
montianus (d'Orbigny), has proved to be perfectly correct, even 
down to the slightly later appearance of C. ribbingi, a few metres 
above 9. beaumontianus. 
D 'Orbigny's species is the fi rst to be found in the southern 
England succession, appearing a few metres below the basal 
boundary of Assemblage Zone E In the present zonation. Cibicides 
ribbingi follows shortly afterwards, and its appearance is a useful 
indication of the level at which the assemblage zone boundary Ghould 
be drawn. 
Finally, and norm~lly within two to three metres of the appear-
ance of C. ribbingi, C. beaurnontianus var. A. occurs completing 
the distinct sequence which arises across the zonal boundary. This 
order of appearance has been found on several occasions in the 
course of the present study. 
The rilnges of these species, as recorded above, do not entirely 
correlate with those recorded on the Continent. For example, 
Robaszynski (per. comm). has Indicated that c. ribbingi appears 
lower in the sectionG seen in northern France, and therefore any 
value placed on the ranges of these species must be considered purely 
on a regional basis. 
Cibicides sp. A. 
Pl. 11, figs, 4,5. 
Test small, plano-convex, dorsal side flat, ventral side strongly 
dome-shaped, circular in outline, margins sharply angular; chambers 
distinct, uninflated, gradually increasing in size, 9 to 11 in the final 
whorl, which overlaps' and covers the earl ier stages; 
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sutures flush with the surface, distinct, radially arranged, curved 
backwards on both sides; wall calcareous, smooth, finely perforate; 
aperture narrow slit which extends over the margin onto the dorsal 
side, and down the inner margin of the final chamber on the ventral 
side, towards the umbilicus; central calcareous boss, visible on 
both sides, flush wi th the surface of the test. 
Max. dimensions: Diumeter 0.22 mm. Thickness O. 12 mm. 
Remarks: A consistant member of the fine sieve fraction throughout 
the Coniacian succession in this country, and as far as is known, 
previously unrecorded. It is similar to Cibicides blanpiedi Toulmin 
(1941), but as this species is known only from the lower part of the 
Eocene any relationship is extremely unlikely. 
Range: Assemblage Zones B - F. 
Superfami Iy CASSIDULINACEA d'Orbigny 1839 
Family PLEUROSTOMELLIDAE Reuss 1860 
Subfamily PLEUROSTOMELLINAE Reuss 1860 
Genus PLEUROSTOMELLA Reuss 1060 
Genotype Dentalinasubnodosa Reuss 1860 
Pleurostomella subnodosa Reuss 1060 
PI. 11 , figs. 6, 7. 
1860 Pleurostomella subnodosus Reuss, p.60, PI. VIII, fig. 2. 
1870 _______ '_' ____________ '_' __ ___ 
1091 II II 
1899 _______ " ____________ "____ _ 
1925 II II 
1920 
" " 
Reuss; Marsson, p. 133. 
Reuss; Beissel, p. 6/~, PI. XII, 
figs. 30-38. 
Reuss; Egger, p.48, Pl.XVI,figs. 
27, 28. 
Reuss; Franke, p. 22, PI. II, fig. 11. 
Reuss; Franke, p. 129, PI. XI, 
fig. 20a I b. 
179 
180 'J; 
:l! 
1936 Nodosarella articulata Brotzen, pp.139-140, PI.9, 
fig. 1 Oa-c, t. fi g.' 49. 
1946 Pleurostomella subnodosus Reuss; Cushman, p.132,PI.55, 
figs. 1-9. 
1957 ________ "_____________ "__ ___ Reuss; McGugan, p. 341. 
1963 Pleurostomellina sp. Graham & Church, p.68, PI.8, fig. 12. 
1964 Pleurostomella subnodosus Reuss; Loeblich (1 Tappan, pp. C725, 
726, fig.594.1a,b. 
1968 ________ "_____________ "__ ___ Reuss; 51 iter, p. 110, PI. 19, fig. 10. 
Test free, elongate, cuneate, becoming more uniserial in later 
stages; chambers slightly inflated, initially small becoming more 
elongate later; sutures initially indistinct, becoming depressed, sub-
horizontal to obi ique; wall calcareous, perforate, smooth; aperture 
sub-terminal, ovoid, set in a shallow depression, upper edge sl ightly 
oVerhanging, lower edge showing slight development of two small teeth, 
internal tube present. 
Max. dimensions: Length 1.36 mm. Width o. 18 mm. 
Remarks: Recorded here through the upper part of the Coniacian and 
into the Santonian, giving this species a somewhat longer range than 
the Campanian distribution noted by 51 iter (1968). 
Range: Assemblage Zone A to the base of Assemblage Zone F. 
Genus ELL1PSOIDELLA Heron-Allen & Earland 1910. 
Genotype Ell ipsoidelln pleurostomelloides Heren-Allen 
f:J Earland 1910. 
Ellipsoidella plew'ostomelloicies Heron-Allen & Earland 1910. 
PI. 11, figs. 8,9. 
1910 Ell ipsoidelln pleurostomelloidcs Heron-Allen & Earland, pp. 413, 
415, PI. 10, figs. 1-11, figs. 1,2. 
, ' 
',j 
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1936 Nodosarella sol ida Brotzen, pp. 140-1,PI.9, fig.11a,b. 
1964 Ell ipsoidella pleurostomelloides Heron-Allen & Earland; Loebl ich 
& Tappan, p. C728, fig. 594,6,7. 
Test elongate, initially cuneate later becoming uniserial; chambers 
51 ightl y inflR ted, distinct, becoming elonga tej sutures sl ightly depressed, 
sub-horizontal to obi ique; wall smooth, calcareous, perforate; aperture 
sub-terminal, transverse slit, with a slightly overhanging lip on the 
upper edge, internal tube present. " 
Max. dimensions: Length 0.79 mm. Width 0.21 mm. 
Remarks: Superficially this species is extremely similar to 
P. subnodosus Reuss, but it is distinguished by its possession of a 
slit-like aperture, which is crescentic, as opposed to the large ovoid 
opening present in Reuss' species. It was this character alone which 
Heron-Allen & Earland used in the erection of this species, and they 
derived the trivial name from the marked resemblance to members of 
the Pleurostome"lIa group. 
Nodosarella solida Brotzen has been included in the present 
synonomy as it is considered to be identical to the lectotype (P.41662) 
and paralectotypes (P. 41663 & P. 4166/~) of Heron-Allen & Earland, 
examined in the British Museum (Natural H.istory). There are also two 
American forms which are noted as having a similar appearance as 
E. pleurostomelloides, these being E. a.ustiniana. (Cushman) and 
E. gracillima (Cushman), both of which have ~ similar distribution 
to the European species. 
Range: Assemblage Zones D-E. 
i' 
Family CAUCASINIDAE 8ykova 1959 
Subfamily FURSENKOININAE Loeblich & Tappan 1961 
Genus CASSIDELLA Hotker 1951 
Genotype VirguJina teguJata Reuss 1846 
Cassidella sp. A. 
PI. 11, fi g. 1 O. 
Test free, elongate, biserial throughout, margin~ rounded, 
sides sub-parrallel, tapering slightly to the initial end; chambers 
distinct, elongate, low; sutures distinct, slightly depressed, curved 
obliquely; wall calcareous, finely perforate, smooth; aperture long 
narrow loop-shaped slit, extending from a terminal position down to 
the inner margin of the final chnmber. 
Max. dimensions: Length 0: 63 mm. Width O. 16 mm. 
Remarks: Only encountered in the uppermost part of the section at 
Culver Cliff, Isle of Wight, and is therefore believed to appear in the 
lower part of the U. socialis Zone of this country. 
~ange: Assemblage Zone F. 
Fami Iy LOXOSTOMIDAE Loebl ich & Tappan 1962 
Genus LOXOSTOMUM Ehrenberg 1854 
Genotype Loxostomum subrostra tum Cushman 1927 
I oxostomum cleyi (Cushman) 1927 
PI. 11, figs. 11, 12. 
1859 Textularin obsoJeta Reussj Eley, p. 202, PI. VIII, fig. 11 ,p. 195, 
1878 §.2!iyinn linearis 
1927 Bolivinita eleyi 
PI. II, fig.11. 
Marsson, p. 155, PI. III, fig. 22. 
Cushman, p. 91, Pl. 91, fig. 11. 
I 
1928 Bol ivina I inearis Marsson; Franke, p. 152, PI. XIV, fig. 1. 
1931 Bol ivinita ele~i CushmanjCushman, p.39, PI.V,fig.8a,b. 
1936 _____ '_1 ______ " __ Cushman; Brotzen, pp.122-3,PI.9, fig.5a,b. 
t.fig.41. 
1937 
" " 
Cushman; Marie, p.264. 
1941 Bol ivinitella eleyi forma typica (Cushman); Marie, pp. 190-1 , 
1941 
" " 
1946 Bolivinita II 
1946 Bol ivini tella " 
1948 Bolivinita II 
1953 
" 
II 
1957 Bol ivinitella " 
-
1957 _____ '_' ______ " __ __ 
1963 
" " 
1964 Loxostomum II 
1968 II 
" 
1970 Bol ivini leila" 
PI. 29, fig. 282a-c. 
(Cushman) \tar. polygona I is Marie, p. 191 ,PI. 29 
fi g. 283a-c. 
Cushman; Cushman, p. 114, PI. 40, figs. 10-20. 
(Cushman); Schijfsma, pp.72-3, PI.6, fig. 10. 
.Cushman; Williams-Mitchell, p.103,PI. 9,fig.1. 
Cushman; Hagn, pp. 76, 103, PI. 6,fig. 24. 
(Cushmcn); Montanaro-Gallitelli, p. 150, PI.34, 
figs. 14-17. 
(Cushman); McGugan, p.340. 
(Cushman); Graham & Church, p. 51, Pl. 5, fig. 25. 
(Cushman); Locblich & Tappan, p. C736, fig. 603, 
2-5. 
(Cushman)jSliter, p.112, PI.20, fig.2. 
(Cushman); Porthault, in Donze et ai, pp. 56-7, 
PI.8, fig. 24. 
Test free, elongate, compressed, biserial, edge tr'uncated, sub-
angular; chambers flat, overlapping, slightly reniform in outline; 
sutures distinct, flush to slightly raised, curved; wall calcareous 
smooth, finely perforate; aperture terminal, ovoid slit, surrounded 
by a slightly raised lip. 
~I 
Max. dimensions: Length 0.51 mm. Width 0.24 mm. 
Remarks: The precise distribution of this species is difficult to 
assess, as it has been recorded from the Coniacian to the Campanian, 
over a world-wide geographical spread. However, its first appearance 
in the British succession, towards the base of Assemblage Zone C is 
extremely constant, and subsequently very useful for corr'elation both 
over short distances and on a wider regional scale. 
Wi II iams-Mitchell (1948) noted the value of this species in the 
Engl ish Chalk, as did McGugnn (1957) in his examination of the Chalk 
of Northern Ireland, although the latter did not record L. eley! from 
the Micraster zones. 
Range: Assemblage Zones, C - F. 
Family NOI'JlONIDAE Schultze 1854 
Subfamily CHILOSTOMELLINAE Brady 1881 
Genus CUADRIMORPHINA Finlay 19,39 
1060 
1925 
1926 
1928 
1931 
Genotype Valvulina allomorphinoides Reuss 1860 
Quadrimorphina 'allomorphinoid~s (Reuss) 1860 
PI. 11, figs. 13,14. 
Valvulina allomorr~hinoides Reuss, p.223,PI.XI. fig. Ga-c. 
Discorbina II (Reuss) ; Franl<e, p. 91, PI. VIII, 
, fi g. 11 a, b. 
Discorbis II (Reuss); Cushman, p. 606, PI. 20, 
figs.18,19, PI.21, fig.26. 
Discorbina 1\ (Reuss); Franke, p. 189, PI. XVIII, 
fig. 7a, b. 
ynlvul ineria II (Reuss); Cushman, p.43,PI.6, 
fig.2a-c. 
1936 II II 
--------------------------
(Reuss); Brotzen, p. 153, PI. 11 , 
fig. 1 a-c, t. fig. 56. 
1939 Quadrimorphinaallomorphinoides (Reuss); Finlay, p.325. 
19/4-1 Valvulineria II (Reuss); Cushman & Hedberg, 
p.96, PI.23, fig.9a-c. 
1946 _________ 1_' ___________ 11____ (Reu s 5); Cu shman, p. 1 38, PI. 57, 
fi g. 6, (non fi g. 7. ). 
185 '2 
1964 9uadrimorphina II (Reuss); Loeblich & Tappan, p.C744, 
fig. 611, 5a-c. 
1968 II II (Reuss); SI iter, p. 114, PI. 20. fig. 7. 
Test free, biconvex, trochospiral, partially evolute, notably 
on spiral side, earlier whorls not visible on the more involute umbilical 
side, margins rounded; chambers inflated, particularly in final whorl, 
final chamber almost half the maximum diameter, four in final whorl; 
sutures distinct, flush with surface, straight, radial; wall, smooth, 
calcareous, finely perforate; aperture towards centre of the ventral 
surface, broad slit along the inner margin of the final chamber, covel"'ed 
by an extended flap. 
Max. dimensions: Diameter 0.46 mm. Thickness 0.24 mm. 
Remarks: This distinctive species is present throughout the succession, 
and it appears to be long ranging throughout the Senonian. Hart (1970) 
recorded 9.:. cf. allomorphinoicJes from t,he Cenomanian of south-
west England. 
QuacJr-imorphina trochoides (Reuss) 1845 
PI.ll, figs. 15,16. 
1845 Globigerina trochoides 
1925 6.!lomorphina cretncea 
Reuss, pp.36-7, PI.XIl,fig.22a,b. 
Reuss; Franke, p.28, PI. II, fig. 26. 
1928 II trigona Reuss; Franke, p. 139, PI. XII ,fig.20. 
1 9l~ 1 
___ I_I ____ .:.:tr...;:o::.,:c::;I..:.:1o::.;i:..;:d:..:;e:..:;s;:.. (Reuss); Marie, p. 230, PI. XXXV, 
fig. 331 a-f. 
Test free, trospiral, early chambers visible beneath the much 
more inflated final whorl, margin rounded; chambers sl ightl y com-
pressed, distinct, later chambers inflated, final -chamber half the 
diameter of the final whorl; sutures distinct, flush with surface to 
slightly depressed, straight; wall perforate, calcareous, smooth sur-
face; aperture long, narrow slit, along the inner ventral margin of 
the final chamber, overlapping by a raised lip on the upper edge. 
Max. dimensions: Width of apertural face 0.35 mm. 
Height of spire 0.28 mm. 
Remarks: This species is not common, but its' distinctive appearance 
in Assemblage Zone F is of some stratigraphic value. 
Most of the references to Q. trochoides have placed It in the 
genus-Allomorphina, but Loeblich and Tappan (1954) revised the two 
genera on the following basis:-
liAs here restricted, Allomorphina includes Involutely 
coiled species and Quadrimorphina trochospiral species 
with early coil visible at one side of the test". 
They also consider the number of chambers in tho final whorl 
to be of specific value only, and Reuss' species must therefore be 
placed in tho genus Quadrimorphina. 
Range: Assemblage Zones E - F. 
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Family OSANGULARIIDAE Loeblich & Tappan 1964 
Genus OSANGULARJA Brotzen 1940 
Genotype OsongulariR lens Brotzen 1940 
Osangularia whitei var. whltei (Brotzen) 1936 
PI.12, figs. 1,2,3. 
1936 Eponides whitei Brotzen, pp. 167-9, PI. 12, figs. 6-8. 
1961 Parrella 
" 
var whitei Brotzen; Vasilenko p. 91, PI. XIV, 
fig.5. 
Test free, trochospiral, biconvex, equally high both on the 
dorsal and ventral sides, biumbonate, margin acutely angled, be-
coming carinate; chambers distinct, increasing gradually in size, 
sub-triangular in shape, seven.to eight in the finul whorl; sutures 
straight to slightly oblique, flush with the surface, radial wall cal-
careous, smoothi aperture nnrrow oblique slit towards the inner 
margin of the final chamber, may be surrounded by a very slightly 
raised lip. 
Max. dimensions: Diameter 0.52 mm. Thickness 0.23 mm. 
Remarks: This species is very similar to Osangularia cordieriana 
(d'Orbigny) and it is thought that the two are very closely related. 
However, o. whitei var. whitei is distinguished by a periphery which 
Is horizontal, if viewed from the side, wher'eas that of o. cordieriana 
appears to be almost sigmoidal, it is also slightly indented at the points 
of intersection with the septa, a feature totally absent In the present 
species. 
Vasi lenko (1961) has figured a full r'ange of evolutionary 
variations of this species ranging through the Upper Cretaceous, 
although within the limited vertical scope of this study only the early, 
ancestral forms are encountered •. 
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Ral'"'ge: Assemblage Zones B - F. 
9sangularia whitei var. praeceps (Brotzen) 1936 
Fig. 4:6. 
1936 Eponides whitei var. praeceps Brotzen, p. 169, PI. 12, fig. 5. 
1961 Parrella 
" 
var. " (Brotzen); Vasi lenko, p. 92, 
PI. XIV, figs. 6-8. 
Test free, trochospiral, almost plano-convex, the ventral side 
being much flatter than the dorsal side; biumbonate, highly raised on 
dorsal side, acute margin; sutures straight, radial, flush with surface; 
wall smooth, calcareous; aperture narrow interomarginal slit on 
ventral side. 
Max. dimensions: Dimeter 0.44 mm. Thickness 0.25 mm. 
Remarks: The use of this variety is tentative, as Brotzen (1936) simply 
refers to the greater height of the spiral side, when compared with 
O. whitei var. whitei. It is believed that the rare examples encountered 
here fit reasonably well within the bounds of his description. As can 
be seen by the maximum dimensions recorded for both varieties, 
9. whitei var. praeceps has a relatively higher spiral surface, when 
it is noted that the umbilical side is almost flat. 
The stratigraphic distributions recorded for both varieties are 
of some significance, as O. whitei \far. whitei appears towards the 
base of Assembla"ge Zone B, whereas O. whitei var. praeceps. does 
not appear in the succession until much later in Assemblage Zone E. 
These ranges equa tc well with those illustrated by Vasilenko (1961), 
for the same varieties, found in sections on the eastern coast of the 
Caspian Sea. 
Range: Assemblage Zone E. 
fj~ 
O1wlgulgrja wbjtei var. prgecelll ~ 
Genus GLOBOROTALITES Brotzen 1942 
Genotype Globorotal ia mul tisepta Brotzen 1936 
Globorotalites cushmani Goel 1965 
PI. 12, figs. 4,5. PI.15, figs. 1,2. 
1928 Rotal ia michel iniana 
1931 Globorotalia micheliniana 
1946 Globorotalia micheliniana 
(d'Orbigny); Franke, (In pard, 
p.188, PI.17, fig.lla,b. 
(d'Orbigny); Cushman, p. 45 I PI.6, 
fig.8a-c. 
(d'Orbigny); Cushman, pp. 13, 152-3, 
PI.63, figs. 2,3. 
1961 Globorotalltes michelinlanus (d'Orblgny); Vasilenko, p. 58, PI. X, 
fi g. 2a-c, (non fi g. 1 • ) 
1965 
" 
cushmanl Goel, pp. 108-9, PI. III. fig. " 2a-c. 
1968 ____ 'I ___ ;.;,m;.;,i~c;..;h~e.;.,li;.;.n;..;i.;;;a.;.,n;,;;u..;;s_ (dIOrblgny); Sliter, p. 119, PI. 22, 
fig. 1 a-c. 
1975 
" " 
(dIOrbigny); Robaszynski, in 
Colbeaux et ai, p. 19, fig. 2. 
Test free, trochospiral, plano-convex, spiral side flat to very 
slightly raised, umbilical side very strongly convex, deep central 
pseudo-umbll icus, periphery circular, angular, slightly carinate; 
chambers distinct, angular conical, gradually increasing in size; 
sutures distinct, flush with surface, radial straight to slightly curved, 
obi ique; wall smooth, calcareous, occasionally thickened to form a low 
boss in the centre of the spiral side; aperture elongate interomarginal 
slit from the base of the final chamber towards the periphery. 
Max. dimensions: Diameter 0.48 mm. Thickness 0.20 mm. 
Remarks: D 'Orbigny stated in 1840 that one of the most important 
characters of Rotal ia michel iniana was the lack of an umbil icus, yet 
ever since his description and figures illustrating this feature were 
published, numerous authors have used this trivial name for specimens 
which have a distinct, deep umbilicus. 
Goel (1965) examined the original specimens designated by 
d'Orbigny to be Rotalia micheliniana, and housed in the Palaeontological 
gallery of the Museum National d'Histoire Naturelle in Paris. He states 
that there are two tubes of material; Tube A from Meudon and St.Germain 
and Tube B from Meru. Those specimens taken from Tube B were found 
to be typical of the original description in the absence of an umbilicus, 
whereas some of the specimens from Tube A do have an umbil ical 
depression. Goel quite rightly follows the original designation of the 
species and states that the specimens of Tube B are the ones described 
and figured as R. micheliniana by d'Orbigny. 
The synonomy listed here gives only a few of the more impor'tant 
references which have incorrectly placed specimens with an umbil icus 
into G. michclinianus (d'Orbigny). It is a common mistake and thus 
the present list is far from complete. A number of authors, including 
Franke (1928), describe forms both with and without an umbilicus 
within this species, making their nomenclature only partly correct. 
In 1965 Goel erected the new species Globof'otalites cushmani 
a form characteristic of the lower Senonian, wi th a deep, central, 
umbi I ical depression, and this name has been adopted here for those 
forms encountered in southern England. Globorotalites ch31donensis 
(Wi II iams-Mi tchell, 1946) cou Id well be synonymous wi th G. cllshmani, 
having an almost identical stratigraphic distribution and similar 
appearance. However, due to the poor diagrams and description of 
the 1948 rnaterial, this point is left open until the Williams-Mitchell 
specimens, which have priority, are redescribed. 
"19 -119 
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Goel suggested that G. cushmani evolved from the earlier G.minuta 
Goel stock, a I though the forms are distinct, the umbi I ical regi on of 
the latter being very broad and shallow. 
Robaszynski (1975) uses G. michelinianus for lower Senonian 
specimens, together with G. hangensis Vasilenko a broader, flatter 
form which has a more Turonian distribution. 
Goels' work of 1965 divides the genus Globorotalites far too 
finely, on characters which are often very difficult to determine in 
many Imperfect specimens. However, the presence of a deep umbi I icus 
In the present species sets It apart from G. michelinlanus (d'Orblgny) 
and the definition of G. cushmani has been followed here. 
Range: Assemblage Zones A-F. 
Genus GYROIDINOIDES Brctzen 1942 
Genotype Rotalina nitida Reuss J 644 
Gyroidinoides nitidus (Reuss) 1844 
PI.12, figs. 6,7,8. 
1844 Rotalina nitida Reuss, p. 21 Ii. 
1045 II II Reuss; Reuss, p. 35, PI. VIII, fig. 52, 
PI.XII, figs. 8,20. 
1860 Rotalia II (Reuss); Reuss, p.222. 
1891 II umbilicata var. nitida (Reuss); Beissel, p. 71, PI. 14, 
figs. 14-19~ 
1914 
" 
nitida (Reuss); Franke, p. 438. 
1925 II soldani forma nitlda (Reuss); Franke, p. 89, PI. VIII. 
1928 II 
" " 
1 929 __ 1_1 _-,-n~i..;.,t i~d..;;a;... 
1934 ___ 1_1 _____ 1_1 __ 
1934 Gyroidina II 
1936 ___ 1_1 ______ 1_1 __ 
" 
II 1940 
1941 II aff. nitida 
-----
1942 Gyroidinoides nitida 
1 9/~3 Gyroidina II 
1946 II II 
1946 __ 1_1 _____ 1_1 ____ __ 
1 95 7 __ I_I ___ u=.:;m:.:.;;;;b~i I;,..;.i.=;c.=;a~ta=-
1964 Gyroidinoides nitida 
1960 
1973 
II 
II 
nl tl <!!£:.. 
II 
fig.3. 
__ 1_1 _ (Reuss); Franke, p. i 07, PI. XVIII, 
fig.la,b. 
(Reuss); Storm, p. 60. 
(Reuss); Brotzen, p.72. 
(Reuss); Morrow, p. 197, PI.30, 
fig. la-c. 
(Reuss); BrotzE'n, pp.157-9,PI.", 
fig. 3a-c, t. fig. 58. 
(Reuss); Brotzcn, p.32. 
(Reuss); Marie, pp. 220-1 , PI. XXXIV, 
fig.319a-c. 
(Reuss); Brotzen, p. 19, fig. 6,3. 
(Reuss); Frizzell, p. 351, PI. 57. 
fig.6a-c. 
(Reuss); Cushman, p. 140, PI.58, fig. 5. 
(Reuss); Schijfsma, p. 85, PI. 5,fig. 1. 
(dIOrbignY)j McGugan, p. 3/~2, PI. 33, 
fi g. 4. 
(Reuss); Locbl ich & Tappan, p. C753, 
fig.615,6. 
(Reuss); Sliter, p. 121, PI.22, fig. 7. 
(Reuss) j I<och, p. 21 2. 
Test free, trochospiral, planoconvex to biconvex, the spiral 
side being low to almost flat, umbilical side strongly convex, sub-
globular, periphery very broadly rounded; chambers elongate, 
rhomboidal in section, slightly inflated, increasing uniformly in 
size, approximately seven or eight in the final whorl; sutures flush 
to very sl ightly depressed, radial, straight to very slightly curved; 
wall smooth, perforate calcareous; aperture elongate, narrow 51 i t 
along the inner margin of the final chamber, extending from the 
umbilical edge almost to the spiral end of the chamber; umbilicus 
open, partially obscured by small umbilical flaps, present on each 
chamber. 
Max. dimensions: Diam~ter 0.58 mm. Thickness 0.36 mm. 
Remarks: A common, long ranging form which probably arises from 
the Albian - Cenomanian species Gyroidinoides parva (Khan), the 
lineage between the two being discussed at some length by Jannin 
(t 967) and aga in by Har t (t 970). 
The sub-globular, shape of the test, and rounded periphery are 
fairly distinctive in this species, although it may be mistaken for 
G. umbilicata (d'Orbigny) as was the case in McGugan (1957). Tho 
tvvo are distinguished by the fact that G. umbilicata shows the develop-
ment of small flaps, which may cover the umbilicus, as is normally 
seen in members of the genus Valvulineria.G. nitidus is also normally 
much more inflated. 
Range: Assemblage Zones A-F. 
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Family ANOMALINIDAE Cushman 1927 
Subfamily AN01'lALININAE Cushman 1927 
GenLIS GAVELINELLA Brotzen 1942 
Genotype Discorbina pertusa Marsson 1078 
Gavelinella ammonoides (Reuss) 1844 sensu lato 
Pi. 12, figs. 9,10,11. 
184/-1- Rosalina ammonoidcs 
1845 ____ 11 _________ 11 ____ __ 
1862 Rosal ina ammonoides 
1894 Anomal ina II 
1925 II II 
1928 II II 
1934 ____ 1_1 _________ 1_1 __ __ 
1940 II II 
1942 Gavel inella II 
1946 Anomalina II 
Reuss, p. 214. 
Reuss; Reuss, p.36, PI. VII, fig. 53, 
PI. XIII. fig. 66. 
Reuss; Reuss, pp. 330-1. 
(Reuss); Chapman, p.722. 
(Reuss); Franke, p. 86, PI. VII, fig. 13. 
(Reuss); Franke, p. 180, PI. XVI, 
fig.8a-c. 
(Reuss); Brotzen, pp.61-2. 
(Reuss); Cushman, p. 28, PI. 5, 
figs. 4,5. 
(Reuss); Brotzen, pp. 48-49, fig.16. 
(Reuss); Cushman, p. 154, PI. 63, 
figs.10,11. 
Test free, slightly asymmetric planispiral, biumbi I ica te, margins 
rounded to sub-angular, with the occasional development of a broad 
peripheral keel, evolute on the spiral side, only final whorl of about 
nin e chambers visible on the umbilical side; chambers distinct, un-
inflated, gradually increasing in size; sutures raised as low ribs, 
radial, straight on the umbilical side and curved backwards on the 
spiral side; wall calcareous, coarsely perforate on the umbilical side, 
I 
• 
between the ribs, .and also in the later chambers on the spiral side; 
aperture narrow slit, along the inner margin of the final chamber, 
from the periphery down the umbilical side into the umbilicL1S, 
umbi I ical end beneath a flap which extends from the base of each 
chamber, remnant flaps covering the umbil icus. 
Max. dimensions: Diameter O. 62 mm. Thickness 0.36 mm. 
Remarks: Brotzen (1942) gives a broad outline of the possible 
evolutionary I ineages present in the genus Gavelinella, and al though 
the work he carried out on the taxonomic status of the genus is of 
great value, the trends and distributions which he indicates do not 
conform with the situation studied in southern England. 
The present broad.ly defined species probably includes forms 
regal"ded as G. costato Brotzen and G. lorneiana (dIOrbigny) else-
where, together wi th late varieties of G. intermedia Berthel in. 
The range of morphological variation exhibited by the group 
is quite broad and be:::ause of this it is difficult to define specific 
character~. As a whole it is not possible to use the species strati-
graphically, although some of the variants have a sufficiently limited 
distribution to give them some significance in correlation. 
Range: Assemblage Zones A-F. 
Qavelinella ammonoides (Reuss) val". A. 
Fig. 4:7. 
Test free, asymmetric planlspiral, evolute on spiral side, 8-9 
chambers in the final whorl; chambers distinct, incr'easing uniformly 
195.; 
in size,uninflatcd; sutures straight to slightly curved; wall calcareous, 
smooth, with a low, irregular boss covering the central area of the 
spiral surface; aperture, n.:lrrow Dlit on the umbilical side along the . , 
inner, margin of the final chamber. 
Max. dimensions: Diameter 0.50 mm. Thickness 0.24 mm. 
Remarks: The basic morphology of this variety places it within the 
concept of G. ammonoides (Reuss) as given above. It is cons-idered 
as being distinct on the basis of the irregular, flat, calcareous boss, 
situated in the centre of the spiral surface. This variety is rare and 
it appears to·be restricted to the lower Santonian. 
Range: Assemblage Zones E -F. 
fis-tl 
G, gmmono;des var.A. 
Gavel inella cf. cl ementiana (d'Orbigny) 1840 
PI. 12, figs. 12, 13, 14. 
1040 Rosalina clementiana 
1941 Discorbis " 
d'Orbigny, p. 37, PI. III. figs. 23-5. 
(d'Orbigny); forma typica Marie, 
p.213, PI. XXXIII, fig.312 a-c. 
1961 Anomal ina (Pseudovalvul ineria) clementiana var. clementiana 
(d'Orbigny); Vasilenko,p. 121, PI~ 
XXII, figs. 4a-c. 
Test free, asymmetric planispiral to trochospiral, periphery 
rounded; chambers distinct In the final whorl, flat, uninflated, 
gradually increasing in size; sutures elevated on both sides to form 
distinct, radial ribs, curving backwards at the margins, spiral 
suture raised on the umbilical side, radial ribs joining it at right 
angles; wall coarsely perforate between the ribs on the umbil leal 
b 
1961 
i 
side, smooth on the final whorl of the spiral side, towards centre 
of the spir~1 side there is a highly raised, large, irregular ornament 
completely covering early stages of the test; aperture small narrow 
slit on the inner margin of the final chamber, extending from the 
umbil ical region onto the periphery. 
Max. dimensions: Diameter O. 81 mm. Thickness .0. 35 mm. 
Remarks: An extremely distinctive 5pecies that is restricted to the 
uppermost part of the succession under consideration. On considering 
dlOrbignysl figures of G. clementiana, this species may be considered 
as being closely related, but there the affinity ends. The same com-
ments are made when the illustrations of Dlscorbis clementiana. given 
by Marie (1941), are examined, however, this is not the case when 
this species is compared with Anomalina (Pseudovalvulineria) 
clementiana var. clementiana as recorded by Vasilenko (1961), as 
this variety is identical to those present in the English succession. 
It is also interesting to note that Vasi lenko uses this species 
as a middle to upper Santonian indicator, a distribution not all that 
dissimilar to that recorded here. 
Range: Assemblage Zone F. 
Gavel inella pertusa (Marsson) 1878 
PI. 13, figs. 1,2. 
1878 Discorbina pertusa 
1091 Rosalina ammonoides 
1 925 Anoma I ina pe r tusa 
1928 . II II 
Marsson, p. 166, PI. 4, fig. 35 a-e. 
Reuss; Beissel, p. 75, ~I. XVI, 
figs. 1-5. 
(Marsson); Franke, p. 86, PI.VII, 
fig. 16a,b. 
(Marsson); Franke, p. 182, PI. XVII, 
fig. 4a, b. 
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1932 II 
" 
1940 Anoma I inn (?) " 
1942 Gavel inella pertusa 
1 946 Anoma I ina II 
1940 Gavel inellR II 
1953 
" 
II 
(Marsson)j Cushman, p.345, 
PI. 51, fig. 15a-c. 
(Marsson); Brotzen, p.29. 
(Marsson)j Brotzen, pp. 41-3, 
PI. 1, figs. 1,2. p. 6, t. fig. la-c. 
p. 18, t. fig. 6, fig. 2, t. fig. 14. 
(Marsson); Keller, p. 104, PI. 1 , 
figs. 7-9. 
(Marsson); Brotzen, pp. 75, 6. 
figs.4-6, t. fig. 20. 
(Marsson); Hagn, pp. 83-4, PI. 7, 
fig. 14a-c. 
1954 Anomnlina (Gavelinella) pertus§ (Marsson); Vasilenko, pp. 80-1, 
PI. 8, fig. 3a-c. 
1956 Gavel inella pertusa, 
1-957 ___ 11 _____ "_ 
1957 Anomalina 
" 
1964 Gavel inella II 
(Marsson) j HofKer, p. 107, t. fi g. 
3a-c. 
(Marsson)j Hofker,pp. 291-2, t. figs. 
345-6, p. 306, t. fig. 363, p. 317, t. 
fig. 366. 
(Marsson); McGugan, PI. 33, fig. 1 a, b. 
(Marsson}j Loeblich & Tappan, 
p. C759, fig. 621 ,5. 
Test free, low trochospiral, partially evolute, especially on 
spiral side, distinctly rounded on peripheral margin; chambers dis-
tinct, circular in section, gradually incrcnsing in size as added, 
eight or nine chambers in the final whorl j sutures flush to sl i ghtly 
depressed, indistinct, radial, stralghtj wall relatively robust, 
coarsel y perfora te; aperture arcuate sl i t following the inner margin 
of the final chumber from the umbilicus round onto the periphery; 
umbi I icus distinct, open. 
Max. dimensions: Diameter 0.47 mm. Thickness 0.20 mm. 
Remarks: Opinions appear to differ as to the full stratigraphic 
range of this species. The majority of workers having described it 
from Campanian to Maastrichtian deposits. However, earl ier workers 
including Franke (1925, 1928) and 'Keller (1946) have record~~d it from 
lower Senonian horizons, which are more consistant with the dis-
tribution encountered here. 
Range: Assemblage Zones A-F. 
Gavel inella. thalmanni (Br"otzen) 1936 
PI.13, figs. 3,4,5. 
1936 Cibicides thalmanni Brotzen, pp. 190-1, PI. 14, fig. 'la-c. 
1961 Anomal ina (Pseudovalvul ineria) thalmanni (Brotzen)jVasi lenko, 
1966 Gavel inella tha Imanni 
1973 
" 
II 
p.119, PI. XXII, figs.2,3. 
(Brotzen); Barr, pp. 506-7, PI. 70, 
fig. 1 a-c. 
(Brotzen); I{och, p.213. 
Test free, 51 ightly compressed trochoid, appearing almost 
planispiral, dorsal side weakly compres::;ed with shallow urr:bil icus) 
ventral side distinctly flattened, umbili~us present, covered by 
apertural flaps, approximately two whorls visible on the dorsal side, 
100-v '" 
margin rounded; chambers Indistinct, not inflated, increasing gradually 
in size, 1101" 12 in the final whorl; suture::; flush, indistinct,straight, 
radial; wall smooth on ventral side, coarsely perforate, on dorsal 
side slightly raised rugose ribs are pl"cscnt, providing an irregular 
nodose ornament; aperture interomarginal sl it, extending from the 
periphery into the umbilical area of the ventral side, covered by a 
• 
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well developed flap. 
Max. dimensions: Diameter 0.42 mm Thickness O. 13 mm. 
Remarks: A useful stratigraphic marker, easily distinguished from 
other members of the Gavel inella group by the flattened nature of the 
ventral side, and the wide, shallow dorsal umbilicus. 
Barr (1966) notes the presence of G. tha Imanni in the chalk of 
Eire and also its appearance in the M. cortestudinarium Zone of 
southern England, indicating that it ranges as high as the Belemnitella 
mucronata Zone. 
Vasi lenko (1961), however regards this species as being a U5e-
ful stratigraphic marker for his Anomalina infrnsantonica Zone, corre-
sponding to the Lower Santonian. 
Range: Assemblage Zones B - F. 
Gavelinella tumida Brotzen 1942 
PI.13, figs. 8,9. 
1936 Anomal ina lorneiana (dIOrbigny); Brotzen, p. 178, PI.12, 
figs. 1 ,2. 
1942 Gavelinella tumida Brotzen, pp. 47-8, fig. 15. 
1970 II II Brotzen; Porthault, in Donze et ai, 
p.59, PI. 8, figs. 13-15. 
1973 II II Brotzen; Norl ing, in Bergstl"om ot ai, 
p.112, PI.O, figs.2,3. 
Test free, low trochospiral, dorsal side flat, ventral side involute, 
sl ightly convex, deepl y umbi I icate, margins rounded; chambers distinct, 
. increasing rapidly in size, final two to thOree extremely inflated; sutures 
straight, radial, becoming constricted where the chambers are inflated, 
wall, smooth, perforate, calcareous; aperture 51it to low arch extending 
from the periphery into the umbilicus. 
Max. dimensions: Diameter 0.48 mm. Thickn~ss 0.31 mm. 
Remarks: This species has a rather patchy distribution in this 
country except in the lower half of the succession on the Isle of Wight. 
It is present in a few samples in the Santonian of south - east, I<ent 
particularly around the junction of Assemblage Zones D and E. 
Porthaul t (1970) records an upper Coniacian to lower Santonian 
range in southern France, and this appears to be reasonably consistant 
wi th the present findings. 
Range: Assemblage Zones A-E. 
Gavel inella sp. A. 
PI. 13, figs. 6,7. 
Test free, compres~ed trochosplral, becoming almost planispiral, 
both dorsal and ventral sides flattened, margins rounded; chambers dis-
tinct, uninflated, increasing gradually in size, nine or ten in final whorl; 
sutures distinct, flush with sur'face, radial, curving backwards slightly 
at the margins; wall calcareous, coarsely perforate in sea ttered areas 
on the ventral side; aperture narrow extra-umbilical to umbilical slit, 
covered by a small apertura I flap at the base of the final chamber, 
remnant flaps infill the umbilicus In a radiate pattern. 
. . 
Max. dimensions: Diameter 0.42 mm. Thickness O. 17 mm. 
Remarks: Due to its limited distribution within the scope of the present 
study, Gavellnella sp. A~ has proved to be of some value in correlating 
a few sections. 
The general morphology of this species Is similar to that of the 
Gavelinella intermedia (Berthclln), although this species has an Albian 
to Cenomanian range. Brotzen (1942) illustrates several lineages 
originating from G. intcrmedia, including the trend which includes 
G. ammonoides and G. c~stata, and it is thought that this sp~cies is 
probably a Inter, Santonian member of the Same evolutionary branch. 
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Range: Assemblage Zone F. 
Gavel inella sp. B. 
PI.t3, figs. to, 1 t, 12. 
Test free, trochospiral, biconvex, periphery rounded, slightly 
angled; chambers only visible in final whorl of seven or eight, increas-
ing in size uniformly; sutures curved, radial and sl ightly depressed in 
later chambers; early chambers totally masked by the presence of a 
large umbilical boss, domination the central part of the test; wall 
smooth, calcareous; aperture elongate slit following the spiral suture 
on the ventral side on to the per.iphernl edge. 
Max. dimensions: Diameter O. S9 mm •. Thickness 0.30 mm. 
Remnr'ks: The examples of this species found in the present study are 
thought to be very closely related to Gavelinella tourainensis Butt, 
described fr9m the type Turonian. The lineage to which this belongs 
appears in the Gault with Gavelinella reussi (Khan), a name applied to 
the species which includes within its synonomy Anomalina complanata 
"0" . &. .c 
(Reuss) and Gavelinopsis berthelini (Keller), both refered to by num-
erous authors. Butt (1966) uses the name G. toura inensis for the Turonian 
member of this group, and the present form Is merely a late example of 
the same I inenge. 
It is notable that the characteristic of a large centre I umbilical boss 
is continued by the Cibicides voltziann (dIOrbigny) group, present higher 
In the Senonian, and this may be an even later extension of the same 
evolutionary trend seen in the Cenomanian and Turonian. The species 
. which Vasilenko records as Anomallna (Brotzenella) menneri Keller, 
from the Maastrichtian of the Mangyschlak peninsula also shares the 
same gross morphology. 
Range: Assemblage Zone A. 
Gavel inella sp. C. 
PI.13, figs. 13, 1L~, 15. 
Test free, very low trochospire, almost planispiral, both dorsal 
and ventral sides are flat, very shallow umbilicus on the dorsal side, 
infilled by remnant apertural flaps on the ventral side; chambers low, 
increasing uniformly in size; sutures flush with surface, radial, slightly 
curved; wall smooth, calcareous, aperture narrow interomarginal slit, 
extending from the periphery to the umbilicus on the ventral side, 
beneath a small flap at the base of the chamber. 
Max. dimensions: Diameter 0.43 mm. Thickness O. 18 mm. 
Remarks: Brotzen (1942) illustrated G. ammonoides (Reuss) by simply 
enlarging the original type figures, and goes on, as mentioned above, 
203J. 
to give Reuss I species a Tur'onian range. The present species is bel ieved 
to belong within Brotzens l concept of a typical Tur'onian example of 
G. ammonoides (Reuss), although the present concept of that species 
is someWhat broader. Gavelinella sp. C has been retained as a separate 
entity therefore, and is probably an early form of G. ammonoidcs sensu 
la ta, as defined in the present study. 
Range: Assemblage Zone A. 
Genus LINGULOGAVELINELLA Malapris 1965 
Genotype Lingulogavclinella albiensis Malapris 1965 
Lingulogavel inella sp. A 
PI. 14, figs. 1,2,3. 
1975 Gavclinella aff. vombensis 2 (Brotzcn); Robaszynskl, in Colbeaux 
et ai, p.19, fig.2. 
Test free, low trochospire, forming an asymmetric planispiral 
shape in section, margin rounded, early whorls masked on dorsal side 
by a calcareous boss, ventral side Is Involute; chambers distinct only 
in final whorl, gradually increasing in size, sub-angular at the 
periphery; sutures flush to slightly depressed on the dorsal side, 
raised to form low septal ribs on the ventral side, slightly curved at 
the margin, radially arranged; wall calcareous, smooth on the dorsal, 
coarsely perforate in between the septa on the umbilical side; aperture 
narrow, interomarginal slit, covered by an apertural flap on the ventral 
surface, extending frorn the periphery into the umbilicnl areajumbilicus 
filled by remnant apertural flaps at the base of each of the septal ribs, 
forming a radiate pattern in the central part oJ the ventral side. 
Max. dimensions: Diameter 0.68 mm. Thickness 0.33 mm. 
Remat'ks: A distinctive form, of much stratigraphic value, and has far 
as is known, one which has not been described previously. It has been 
placed within the genus Lingulogavel inella , fol/owing the generic des-
cription .. given by Malapris (1965); the radiate pattern on the umbi I ical 
side being characteristic of the group. 
After an extended search through as much of the reinvent liter-
ature as could be covered, few similar forms were encountered, and 
these arc almost entirely members of the genus Pseudovalvulineria, Cl 
name suppressed by Loebllch (1 Tappan (1964), and Included within the 
Gavelinella group. 
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Two species are noted as very closely resembling the present form, 
these are Pseudova Ivul incria glabra (Goel) and Anoma Iina (Pseudo-
valvulineria) clementiana (dIOrbign~') var. usakensis Vasilenko, both 
described from the Campanian. The first was illustrated by Goel (1965, 
. PI. IX, fig. 1 a-c) and from these figures the, similarities with the present 
form are obvious, however the ventral side is by no means as perforate 
as the present species, and more importantly the radiate pattern of the 
umbil ical region is absent. 
This difference in umbilical configuration is also the differing 
feature in Vasilenkos l new variety of Gavelinella clementianC!, 
(dIOrbigny). This form has a central boss which is visible on both 
the dorsal and ventral sides, which alters the appearance of the 
umbilicus, when compared with Lingulogavelinella sp. A. 
A further form which has been proved to be the same as the 
present species is Gavelinella aff. vombensis (Brotzen) as figured 
by Robaszynski (1975). Dr. Rcbaszynski kindly loaned several 
examples of this species to the present author, which confirmed that 
the two were con-specific. It is agreed that Brotzens' (1945)species 
,E?eudovalvulineria vombensis is very close to the present form, 
although it was first recorded from the Lower Campanian of southern 
Sweden. It would therefore·seem that Lingulogavelinella sp. A. may 
be the ancestral form of the Swedish species and that Gavel inclla aff. 
vombensis (Robaszynski) should be included within the synonymy, 
especially as its distribution closely parallels that of the English 
spec i eSt 
The previously described stratigraphic range of the genus 
Lingulogavelinella is extended b~' the present form, as its nearest 
relative is L. globosa (Brotzen), found in the lower part of the 
Turonian in this country, but undescribed fro~ any higher. It Is 
thought that the present species is the lower Senonian continuation 
of this L. !Jlobosa stock. 
The range of Lingulogavelinella sp. A is of prime importance 
within the scope of the present work, as its spread from the top part 
of Assemblage Zone A to the upper I imit of Assemblage Zone D, broadly 
equates with the concept of the Coniacian in this country as defined 
--------
by Casey et al (in press), with a slight overlap at either end. The 
disappearance of this species at the above zonal boundary is quite 
distinctive, since up to this point the species shows an incrE'asirlg 
abundance in the benthonic population, until reaching well over 30% 
of the totai benthonic assemblage. It then becomes almost totally 
absent from the succession except for vel"y rare individuals which 
are found in Assemblage Zone E. 
Range: Upper part of Assemblage Zone A to the base of Assemblage 
Zone E. 
Genus STENSIOINA Brotzen 1936 
Genotype Rotalia exsc::ulpt!! Reuss 1660 
~tensioinn° exsculpta exsculpta (Reuss) 1060 
PI.14, figs. 4,5,6. 
1060 Rotalia exsculpta Reuss, p.70, PI. XI. fig. 4. 
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1936 Stensioina II (Reuss); Brotzen, pp. 165-6. PI. 11, fig. 8. 
1940 II II 
1942 ______ "________ "__ 
1945 II II 
1948 II II 
1954 ___ '_'0 ____ '_'_ 
.1957 ______ 11 ________ " __ 
1958 
" 
II 
1961 " II 
(Reuss); Cushman & Dorsey, p. 2, PI. " 
figs. 1-3. 
(Reuss); Brotzen, p.20, fig. 6, O. 
(Reuss); Brotzen, p.52,t.figs.OD,E. 
(Reuss); Williams-Mitchell,p.104, 
PI. 9, fi g. to. 
(Reuss); Pozaryska, p. 264, fig. 22A-C. 
(Reuss); McGug~n, pp. 3l~t-2, PI. 33, 
fig.3. 
(Reuss); Jirova, p.225, PI. 1, fig.1. 
(Reuss) Vasi lenl<o, pp. 65-6, PI. XI, 
fig. 4a,b. 
1962 II II gracilis 
1964 ________ "________ 1_1 __ __ 
Brotzenj Hiltermann & Koch, 
p.324, PI.49, figs. 13,14. 
(F~euss); eita, figs. 1-3 (non fig. ,~). 
1968 ______ 11________ 1_1 __ .....;;e;;.;..x.;..;s;;.;c;;.;u~l;.&;p;;..;t:.;;;a~ (R euss); TrU mper , pp. 25-6, 
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PI.VIII,figs. 1-4,PI. IX,fig. la-c. 
1970 II praeexsculpta (Keller); Porthault, in Donze et ai, 
(in part), pp. 59-60, PI. figs. 16-9. 
Test free, biconvex to plano-convex, the spiral side often being 
almost flat, involute on ventral side, dorsal side is evolute, approx-
imately 2i whorls being visible, margins acutely c.ngledj chambers 
distinct, sub-rectangular, gradually increasing in size; sutures 
distinct on dorsal Side, raised sharply forming elevated septal 
ridges, this ornamsnt is also present on the spiral suture, on 
ventral side flush to slightly depressed, curved backwards slightly 
at the margin; wall calcareous ornamented on spiral side, ventral 
side 'is coarsely perforate in between the septal areas, which are 
smooth; aperture elongate slit along the inner, ventral mar'gin of the 
final chamber. 
Max. dimensions: Diameter 0.53 mm. Thickness O. 15 mm. 
Remarks: The stratigraphic value of this genus is discussed later 
in greater detail. 
This species is distinguished from s. granulata (Olbertz), with 
which it coe>dst5, in having a much more sharply angled peripheral 
edge, and in having a more distinctive ornament on the spiral surface. 
It is believed to be at the lower e'nd of an evolutionary lineage 
which leads Into s. exsculpta gracilis Brotzen, and towards the 
, 
'upper part of the succession studied, transitions between the two 
forms ar~ very common. 
Range: Lower part qf Assemblage Zone B to Assemblage Zone F. 
Stensioina exsculpta gracilis Brot2en 1845 
PI. 14, figs. 7,8. 
19/.,.5 Stensioina exsculpta var. gracilis Brotzen, p. 52, PI. 1, fig. 15, 
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1957 11 11 var.aspera Hurker, pp.349-350,fig. L,·01-3. 
1'958 11 11 
1962 II 11 
1962 Stensioina exscu~pta 
graci I is Brotzen; Pokorny, p. 307, t. 
figs. 13, 14. 
II Brotzenj Hiltermann & Koch, 
p.324,PI. 49,figs.13, 14. 
(Brotzen); Hiltermann & Koch, pp. 325-6, 
PI.49, figs. 15-18. 
1968 ___ II ______ II __ ... 9"'-r;..;a:;:..c.::;;.;..;il;..;.i.._s Brotzen; Trllmper,p. 26, PI. IX 
1970 II gracil is 
fig.2, PI.><,figs.1-3,PI.XI, 
figs. 1,2,5. 
Brotzen; Porthault, in Donze et ai, 
p.60, PI.8, figs.20,21. 
Test free, biconvex, spiral surface being highly raised, involute 
on ventral side, evolute on dorsal side, margins acute; chambers dis-
tinct, sub-rectangular, increasing uniformly in size; sutures distinct, 
with raised septal ridges on dorsal sid~, elevated to form a rugose 
. ornament towards the centrc; wall calcareou$, strongly perforate on 
ventral side; aperture, narrow slit along the inncr margin of the final 
chamber. 
Max. dimensions: Diameter 0.53 mm. Thickness 0.27 mm. 
----- ----------, 
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Remarks: This sub-species of S. exsculpta. when found in itsl 
originally described form, differs very markedly from S. exsculpta 
exsculpta in being extremely biconvex. In S. exsculpta gracilis the 
test becomes much more trochoid and the spiral suture is very highly 
raised, such that the centre of the spiral side bears an elevated 
calcareous ornament. 
True members of S. exscuJpta graci lis do not occur in this 
country ullti I wei i into the Uintacrinus socialis Zone, and higher 
than the sections described here. However, transitional members of 
the S. exsculpta exsculpta - S. exsculpta gracilis lineage were en-
countered in some abundance and many of these were classified as 
S. exsculpta gracilis as they had become much too trochoid to be 
classified as S. exsculpta exsculpta. 
Range: Assemblage Zone F. 
Stensioina granulata (Olbertz) 1942 
PI.14, figs. 9,10,11,12. 
1935 Gyroidina praeexsculpta Keller, PI.3, figs. 28-32. 
1942 Rotalia exsculpta granulata Olbertz, pp.132-3,PI.5,fig.2. 
1945 Stensi oina prae-exsculpta I<eller; Brotzen. pp. 52-3, PI. 1. 
1954 II praeexsclllllliL 
1956 II II 
1957 
" 
prac-exsculpta 
1957 ______ 1_1 __________ 11 ______ _ 
figs. 16,17. 
(Keller); Pozaryska, p. 265, fig. 23. 
Keller; Hi Itermann u Koch, 
Tab. 3, PI. 1. fig. 7. 
(Keller); Hofkcr, p. 345, figs. 394,395. 
vnr. ·granulata (Olbertz)j Hofker, 
pp.345-7. figs. 394,395. 
y 
1958 
1962 
1962 
1966 
1968 
1970 
II 
II 
II 
II 
II 
polonica Witwicka, pp.206-7,265-7,PI.12, 
figs. 21 ,22,PI.13, fig.23. 
praee>~sculpta ((<eller); Hiltermann & Koch, p.323, 
PI. 49, figs. 10, 11. 
exsculpta granula ta (Olbertz); Hi I termann & ~<och, 
pp. 323- /-1-, PI. 51, figs. 1 ,2. 
praeexsculpta (Keller); S'alaj (1 Samuel, pp.147-8, 
PI.32, fig.1a,b. 
grflnulfl ta (Olbertz); Trumper, pp. 10-14, Pis. 1-3, 
PI.12, figs. 1-3. 
___ II__ a ff. granulata (Olbertz); Porthault, in Donze et ai, 
pp.60-1, PI.8, figs.22,23. 
21 
Test free, low trochospiral, dorsal side flat,ventral side strongly 
convex and involute, periphery rounded; chambers distinct on ventral 
side onl y, increasing uniformly in size, nine to ten in the final whorl; 
sutures indistinct on dorsal side, slightly depressed ar'ound the 
margin, elevated as low broad septal ridges on the ventral side, 
straight, radial; wall calcareous, dorsal side rugose granular 
ornament covering whole surface, ventral side coarsely perforate 
in between the septal ribs, periphery smooth; aperture narrow intero-
marginal slit following the ventral edge of the final chamber, umbilicus 
shallow covered by calcareous plate. 
Max. dimensions: Diameter" 0.45 mm. Thickness O. 18 mm. 
Remarks: As can be seen from the synonymy Stensioina prae-oxsculpta 
(Keller) has been consider'ed as being conspecific with S. granulata 
(Olbertz), following the work of Tramper (1968). He notes that in the 
original designation of ~roidina praexsculpta by J(cller (1935) no 
----------:------------ ------ ----
dezcription, or any indication of previous descriptions, were given 
and he therefore considers this species name to be invalid • 
. , . 
Brotzen (t 945), in a useful discussion regarding the close 
offini ty of the two species, mentions the variation in the ornament 
in what he regards as s. prae-exsculpta Keller. He records that 
this species lacks a sculpture on the last few chambers, whereas it 
Is continuous in S. granulata, covering the whole dorsal side. 
Brotzen notes the fact that Kellers l figures are poor and an 
accompanying description is absent. He goes on to state that lilt 
Is quite possible that §: prae-exsculpta and S. granuluta arc 
referable to one and th.e same species. II This being the case, and 
because of the luck of a type description for S. prae-exsclJl pta 
(Keller), this species is included within the concept of S. granulata 
(Olbertz). 
The importance of the first appeurance of S. granulata in the 
English succession is extremely high, because of Itsl use as a 
stratigraphic marker in northern Europe, this is discussed more 
fully below. 
Range: Assemb I age Zones B to E. 
Stensioina granulata (Olber-tz) 1942 Vdr. A. 
PI.14, figs. 13,14,15. 
Test free, trochospiral, ventral side identical to that of 
Stensioina granulata, variation occurs in the ornament on the dorsal 
side. This is not developed to the same degree of complexity as that 
seen in the typical form, low, smooth ribs are visible along a few of 
the later chambers, the granular, nodose ornament is also only weakly 
I 
I 
developed. There is also a slight tendency for the later chambers 
to become a little more angular at the margin. 
Max. dimensions: Diameter 0.42 mm. Thickness O. 17 mm. 
Remarks: From the basic morphological appearance of this form 
it should be placed within the species S. gr'anulata (Olbertz). How-
ever, because of its I consistant use stratigraphical I y it is bel ieved 
that it should be considered as a separate variety. 
Range: Assemblage Zones D - F. 
Stensioina sp. A. 
PI.14, figs. 16,17,18. 
Test free, low trochospire, flat on spiral side, slightly convex 
on the ventral side, periphery narrow, angularj chambers distinct 
on both sides, uninflated, gradually increasing in size, nine in final 
whorl; sutures flush on dorsal side, slightly raised on the ventral 
side, radial, st"aightj wall calcareous, distinctly smooth on the 
dorsal side, perforate on the umbilical side; aperture narrow intero-
marginal slit along the ventral side of the final chamber; umbilicus 
extremely shallow, hardly developed. 
Max. dimensions: Diameter O. L~3 mm. Thickness O. 15 mm. 
21~ 
Remarks: An extremely rare form with only one definitely identified 
specimen being found in the present study. The relatively small thick-
ness in side view and the angular nature of the periphery would sugge5t 
that this belonged to the S. exsculpta group. However the total lack 
of any ornament on the spiral Side, rules out this possibility and 
indicates an early offshoot from the S.· granula ta lineage. 
It is suggested here tha t this form could well be transi tional 
between the S. granulata and the S. exsculpta lineages, a link 
which was postulated by Trumper (1968). 
Range: Assemblage Zone A. 
Discussion of the Stensioina group. 
The Stensioina group is believed to originate in the Middle to 
Upper Turonian, and this has been well documented by continental 
authors such as Keller (1935), Brotzen (l9 l IS), Pozaryska (19SL~), 
I<och (1966, in Ernst et nl), and Tru'mper (1968). 
is i 
Those earlier forms previously refepred to s. prao-exsculpta 
(Keller) are here included within §. granulata (Olbertz) and it is, 
these which fopm the ancestral basis for the genus. However, it 
should be noted that this ancestral stock has not yet been recorded 
from the Turonian of this country. 
In southern England the earliest record of S. granulat<l. falls 
on the junction between Assemblage Zones A and Bj the appearance 
-of this species being a useful indicator in the positioning of this 
boundary. This species is then present in the rest of the succession 
through to Assemblage Zone E, although examples of S. granulata var.A 
continue to be found above this level. 
Stensioina exsclJlpla exsculpta appears for the first time some 
twelve to iifteen metres above ~ranulata towards the base of 
Assemblage Zone C. This new linenge runs parallel with that of 
S. granulata through the rest of the succession under study, the 
relative proportions of each group varying persistantly. Towards the 
top of the succession, ear'ly transitional forms of S. exsculpta gracilis 
have been found in sma II numbers, identified by the height of the 
ornament in the centre of the spiral side. 
I 
, 
. TIle trend towards the gracil is subspecies is only seen around the 
top of Assemblage Zone E and in rare samples from Zone F. This 
therefore has a range commencing in the lower to middle Santonian. 
At the same time as this, the appearance of S. granulata var. A. 
is noted, first recorded at the lower limit of Assernblage Zone D, 
and acting as a useful marker for tl1is datum. The main line of this 
S. granIJlata lineage continues to evolve through the Senonian 
giving rise to typical Stensioina pommerana Brotzen around the 
Campanian - Maastrichtian bounddry (TrUmper 1968). 
All these evolutionary trends were Illustrated by TrUmper 
(1968: fig. 17), and the lines which he suggests equate well with the 
situation which has be~n encountered in the English Chalk. For this 
reason, Figure 4:0. is an adaption of that given by TrUmper for 
material from the Central European succession. It is interesting to 
note that only three areas of the lineages illustrated by Trumper arc 
left with any uncertainty, two of these fall at the beginning and the 
end of the generic line, in the Turonian and at the base of the Danian 
respectively. 
The third area of doubt is the link between the S. granulata 
lineage and that of the S. exsculpta group, and it is tentatively 
suggested that the form designated as .§,!ensioina sp.A. could provide 
a possible transition across that gap. Only one specimen was found 
which was placed within this species, but tho preservation was good 
and characters used for identification were clearly visible. This 
specimen was found at the base of the M. cortcntudinarium Zone in 
S. E. Kent and falls in the lower part of the Coniacian as given by 
Casey ct al. (in press), which is precisely the level that TrUmper 
suggested for this evolutionary branch. 
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Further work is required on the group as a whole from the 
English 7uccession, particularly at the lower end of the Stensioina 
I incage to establ ish whether the transiti ons from one group to another 
suggested here are correct or not. The stratigraphic significance of 
the different members of the genus, noted in the English Chalk by 
Will iams-Mi tchcll (1948), cannot be overemphasised both for use 
on a regional scale and also for discussion on an international basis. 
, 
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£:HAPTER 5. 
ZONAL SCHEME 
In any attempt to divide a succession into stratigraphic units a 
consistant, fogical plan must be evolved on which that division may 
be based. The factors used to create the units must be easily recog-
nisable and must facilitate the use·of the scheme by an~' geologist 
working on that part of the succession. The proposed zonation evolved 
during the course of this research with the above criteria as basic 
principals. 
5:1 Benthonic Foraminiferal Assemblage Zones 
The use of assemblage zones, rather than zones defined on the 
range of an individual species, was considered more suited to a 
succession in which many of the more important species have fairly 
long ranges. Thus,a zone is characterized by the association of a 
distinct group of species and is classified by a letter. The lower 
Senonian of southern England can be divided much more accurately 
using this method. 
The fauna at the base of the succession studied is notably res-
tricted, and its lack of diversity, provides a useful criterion in 
separating it from the overlying units. Abov~ this,there is a uniform 
increase in diversity, with four more marked faunal breaks. The 
addi tion of new taxa at these breaks,and also throughout the rest of 
the succession,provide the stratigraphic markers used in the zonation. 
, 
The Assemblage Zone Jimi ts proposed in this scheme are founded, 
for the most part, on the first appearances of groups of unrelated 
species. Each boundary therefore, indicates a recognisable change 
in the fauna. The first appearances of these species may not be 
entirely synchronous in the different sections studied, due to slight 
geographical variations in distribution and the limitations of the 
sampling method. It has therefore been necessary, at times, to 
construct a I ine showing the "best-fi til in order to draw a bounciary 
between adjacent zones. 
The relationship of this zonation to the equivalent macrofaunal 
divisions, and the more recent ideas conc~rning the stages of the 
Upper Cretaceous, is given in Fig. 1 :1. Full details of the zonal 
indicators ,are give.n in Fig. 5:1. 
Recognition of the individual assemblage zones is based 
primarily on the fol lowing criteria:-
Assemblage Zone A: The general abundance of long ranging lituolids 
such as Arenobulimi na spp. and Mr:lrssonella oxycona, in association 
with Globorotalites cushmani, Reussella kelleri, Gavelinella sp. B., 
Ga,velinelJa sp.C.and Verneui I ina munsteri. An indicator for the 
upper limit of this zone is the disappearance of R. kelleri from the 
250 micron si ze fraction. 
i 
l 
I 
~ 
i 
I. 
I 
. " 
Assemblage Zone 8: Lingulogavel inella sp. , .... appears prior to the 
lower I im.it of this zone, which is defined on the appearance of 
Stensioina granulata, Gavel inella tha Imanniand Cibicides sp. A. 
These are followed rapidly by Osangularia whitei var. whitei 
Assemblage Zone C: Characterized by the association of 
Stensioina cxsculpta exsculpta and l oxostomum eleyi with more 
rarely, Vaginul inopsi5 scalariformis. Praebul imin~ reussi. appears 
towar'ds the top of this zone. 
Assemblage Zone D: Lower limit marked by the appearance of 
Stensioina granulatavar. A. , Cibicides beaumontianus and 
Eouvigerina sp. C. £.p.onides cf. concinna is also found higher in 
this zone. 
Assemblage Zone E: Marked by the increased abundance of 
C. beaumontianus. with C. beaumontianus var. A and C. ribbingi. 
Pyramidina cf. bul iminoides appears in the fine fraction and 
Reussella kelleri reappears in the 250 micron size range. 
Lingulogavelinella sp.A becomes extinct at the base of this zone. 
Assemblage Zone F: Distinguished by the association of Gaveline"a 
cf. ~Ip.mentiana, Reussella szajnochae praecursor:-, Osangularia 
whitei var. praeceps,. Quadrimorphina trochoides and Casside"a 
sp.A. 
-~ 2191" '~ 
. " 
Ii 
ji 
j 
.L 
oc;c; 
." 
CO 
01 
-
I -f
:r 
~ 
E:-
... 
-:::l 
C'" 
c 
:::!' 
o 
:J 
o 
-... 
a 
:::!: 
co 
... 
o 
~ 
n 
o 
"< 
3 
"8 
... 
-o 
:J 
-cr (D 
:J 
~ g 
n 
... 
~ 
(D 
n 
(D 
... 
CONIACIAN SANTONIAN 
~, " 
" 
~ ccctestudiccrilirD t:i ccre cgu.ic..um..r ". II SQ~igl is 
I ; T ) I I , I 
» I OJ , () "0 I m,I) 
I , , , . > " 
, , I , 
, . 
I I ' , , , I 
, I 
, " 
I I 
, 
I I ' " 'I I , 
- - - - - - -I 1 , I I 
I I I I 1 
- - -1 I I I I 
I I '--/--'-1-
I I I I I 
- --
I I I I 1 
, I , 1 I 
I I I 1 I 
- -, I I I , 
I I I I I 
I I I I 1 
I I 
I 1 I I I I 
- - -- - - - -I I I 1 I 
1 I - -
I I 1 I 1 
- -1 I I I I 
1 I I I I 
I I I I I 
I I r 1 I 
1 I I 1 I 
-
I I 1 I I 
I I I r 1 
I I I I I 
I I I I I 
I I I I I 
I I I , I 
I I I I I 
, I I 1 L-
I I 1 I I 
1 I I I r-
I I I I I 
-I I I I I 
I I I I r-
I! 
n 
~~ 
iC/T 
Gaveli nella sp.B 
Gavelinella sp.C i 
Y. mlinsteri 
R. kelleri 
G.cushmani 
Li ngulogavelin-
ella sp.A 
S. granulata 
G. thalmanni 
Cibicides sp. A 
O. whi te i var. 
whitei 
S. exscul pta 
exsculpta 
l.eleyi 
V. scalariformis 
p, reussi 
S. granulata 
var: A 
C. beaumontianus 
Eouvigerina spC 
E.cf. concin na 
c. ribbingi 
P.cf.buliminoides 
C. beaumontianus 
var:A 
Rszajnochae 
praecursor 
G.d clementiana 
O. whitei var. 
praeceps 
Q. t roc h oides 
Cassidella sp. A 
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This scheme is proposed merely to act as a tool In the correlation 
of the lower Senonian succession of southern England. Its relation-
ship to the faunal assemblages documented from the Upper CretaceoLls 
of Europe is considered later. Beyond the region studied, the 
recognition of any biostratigraphic zonation be~omes more tentative. 
5:2 Planktonic Foraminiferal zonation 
The use of members of the Globigerinacea in order to create a 
global foraminiferal zonation has long been established, the works of 
Boll i (t 957, 1959), Bandy (1967), Pessagno (1967) and Porthaul t (t 974) 
being of particular value. More recently van Hinte (1972, 1976) has 
attempted to bring the foraminiferal zonation of the Upper Cretaceous 
into I ine with the geochronological time scale, using palaeomagnetic 
data and absolute age dating. 
The majority of the planktonic species described in this work 
range throughout the succession. Often they are part of evolutionary 
I ineages which vary only slightly through this period, such as the 
G. marginata - G. bulloides plexus, and the members of the 
Heterohelicidae. These are of little value in the recognition of 
stratigraphical divisions. 
Fortunately,the sporadic appearance of species such as 
G. renzi and G. concavata prove to be very valuabLeas both have 
been used by van Hinte (1976) in his zonation of the lower Senonian. 
The lower part of the Coniacian is defined on the presence of 
G. renzi, a range which equates well with that shown in van Hinte1s 
scheme, al though an occurrence of the species at Quidhampton extends 
the present range of the base of the Santonian. 
= 
G. concavata first appears in southern England near to the base 
of the M. coranguinum Zone, within Assemblage Zone B. Barr (1962) 
notes that the species ranges through the M. coranguinum Zone, a 
view endorsed here, as it has been recorded at Quidhampton and at 
the base of a borehole at Kelveden, Essex, which proved to be within 
Assemblage Zone F. A further useful species is G. primltiva, first 
described from the lowest Santonian (Dalbiez 1955). Its present 
range is here extended down into the Coniacian. 
Members of the genus Globiflerinelloides also occur, al though 
not in abundance. G. asperus has too long a range to be of much 
value, but G. ehrenbergi and G. rowei as described by Barr (1962) 
are of note. Both have ranges between the top of Assemblage Zone B 
and the lower part of Assemblage E. G. rowei appears sl ightly la ter 
. than G. ehrenbergi and has a longer range, a distribution which 
agrees well with that of Barr • 
. The ranges of the planktonic species are summarised in 
Fig. 5:2, which is a compilation of data from all the sections studied; 
this is also the case in Fig. 5:1. 
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CHAPTER 6. 
STRATIGRAPHIC DISCUSSION 
Each section is discussed with reference to the total foram-
inlferal fauna recorded, and each is zoned accordingly. Comments 
have been made on the relative positions of macrofossi I zonal 
boundaries and comparisons made with the detai led microfaunal 
analysis. Discrepancies, where they occur', have been discussed. 
For example, the upper limit of the M. coranguinum Zone at Culver 
Cliff, Isle of Wight (Rowe 1908), is questioned, as it has been on 
a number of previous occasions (Brydone 1914, Barr 1962). 
There are three sections in which all the Assemblage Zones, 
except Assemblage Zone F, are present. This latter zone is only 
recorded at Culver CI iff and in two separate borehole samples from 
Essex provided by the Institute of Geological Sciences. The other' 
six sections represent short intervals within the succession studied, 
. and these are zoned accordingly. 
Each section has been illustrated in the text, giving the ranges 
of the more important zonal species and the positions of the proposed 
zonal boundaries. Range charts of the total foraminiferal assemblages 
are presented as Enclosures 3-7. 
Finally, the information is summarised 0!1 Enclosure 1 which is 
an attempt to correlate all the sections studied. 
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6: 1 South enst '<ent. 
The pattern of faunal distribution is established early in the 
s.ection by the dominance of a few species, notably Lenticulina 
rotulata l 6.!::£!:!,obulinina obliqua; Verneuilina munsteri, Globorotalites 
cushmani and Gyroidinoides nitidus. These five species, with the 
addi tion of Gavel inella ammonoides slightly higher in the section, 
form the major part of the foraminiferal fauna throughout the suc-
cession. 
In addition to this group, there are several other long ranging 
2 ? -
... -5 
species which, although not quite so abundant, are consistant members 
of the population. These include Gavelinella pertusa, Marssonella 
oxycona, Ataxophragmium variabile and Valvul ineria Ie nticula. 
Neoflabellina praeru~Qg and N. baudouininna.appear just above 
the base of the section ond are present through the rest of the suc-
cession. 
These then are the predominant fauna of Assemblage Zone A, 
although it is defined by the presence of three other species, 
Gavelinella sp. C., Gavelinella sp. B. and Reussella kelleri. The 
second is a lote form of the Gavel inella tourainensis I ineage present 
in the Turonian. The last, R, kelleri, acts as a useful marker for' 
the upper limit of the assemblage zone. Up to this point it is found 
continLlOusly in the 250 J-l - 500}J size fraction. Above the boundary 
it is present only in the fine fraction, apart from sporadic occurences 
of larger specimens. This peculiar break in the distribution of 
large examples of the species has also been noted in both Borehole 
No. 25 and Borehole No. 52 of the Thames Barrier Site Investigation 
(Carter &I Hart, in press A) which suggests that it may be of regionnl 
significance. 
Seven metres up from the base of the section Stensioi~_ sp. A 
is encountered. This early member of the genus is an extremely 
rare forerunner of the main Stensioina lineage, which commences 
at the base of Assemblage Zone S, with the appearance of 
~ranulata. 
Towards the top of Assemblage Zone A EOLJvigerina aculeata 
is recorded for the first time, and is then present for the remainder 
of the succession, giving it a range similar to that noted by Williams-
Mitchel I (1948). The closely related species E. stormi is recorded 
lower in the section and the extinction of this species at the junction 
of Assemblage Zones C and D is a useful marker In the south east 
Kent section. 
Six metres below the junction of the Micraster zones (Rowe 1901), 
b..!..!Jgulogavelinelln sp. A appenrs for the first time. This species has 
a remarkably consistant range which can be correlated across each 
of the sections studied and effectively defines the M. coranguinum 
Zone of southern England. Approximately 3.5 metres below the base 
of this zone, in the Langdon Stair section (Rowe OPe cit) the junction 
of Assemblage Zones A and B is drawn, marked by a distinct marl 
seam. This horizon marks a major microfaunal break, as above it 
four important species occur for .the first time; Stensioina granulata, 
Gavel inella. thalmanni. Cibicides sp. A. and Osangularia whitei var • 
. 
whitei, the last appearing 51 ightly higher than the other three. 
Throughout Assemblage Zone A the planktonic foraminiferal 
fauna remains consistant, represented by ~Iobotruncana pscudolin-
neiann, G. marginata, G. bulloides, Whiteinella bnltica,Hedbergella 
brittonensis and H. planispira. This last species becomes extinct 
within Assemblage Zone B. The proportion of these species, when 
compared to that of the benthonic population is not high, except for 
a peak of around 20% of the total assemblage 4 to 5 metres above 
the base of the section. Numbers are small throughout the succession, 
apart from almost regularly spaced peaks of 5o/c ·to 10% of the total 
assemblage occurring every 6 to 8 metres. 
Within Zone B, the dominant part of the benthonic fauna is 
con&tituted ,Iargel y by Gavel inella arnrnonoides, Globorota lites 
cushmani and increasingly Lingul09nvelinella sp. A. The common 
members of the Li tuolacea and Nodosariacea, a I though sti II abundant 
have been overshadowed by the increasing diversity within the 
Cassidulinacea, a trend which continues through the whole of the 
succession studied. This feature was also noted by Hart and Carter 
(1975, text-figure 6) with reference to information drawn from the 
initial findings of the Thames Barrier Site Investigation. 
The "M. coranguinu:n tabular flint" (Rowe 1901) situated 4 metres 
above the macrofauna I zonal boundary illustrates an interesting 
preserVational feature. This tabular flint has- within it a thin 
impersistant layer of "chalk meal", which was collected and 
examined as a comparison with the chalk immediately below the flint. 
The "meal" yielded a spectacular planktonic fauna which amounted to 
over 70% of the total foraminiferal population. In direct comparison, 
the planktonic fauna from the chalk imn:'ediately below the flint 
totalled less than 3.5% of the foraminiferal aSsemblage. 
The effect of preferential preservation In silica is immediately 
suggested and discussed fully in Appendix A, with reference to 
additional information from other localities. 
The "chalk meal II also contained Globotruncana cencava ta , 
a species only recorded previously from southern England by Barr 
(1962). In the present stud~/ it was only encountered in two other 
samples of soft chalk, one fr-om Quidhampton, Wiltshire, and the 
other from Kelveden, Essex. The use of this species as part of a 
world-wide foraminiferal zonation (van Hinte 1976) is important 
when attempting to correlate this succession within such a scheme: 
Immediately above the flint Stensioina exsculpta exsculpta 
appears for the first time, 'and the abundance of the planktonic 
fauna returns to itsl "normal" low level. The correlation between 
the Langdon Stairs and St. Margarets l Bay sections is based on 
the appearance of S. exsculpta exsculpta and 5 metres higher, the 
first record of Loxostomum eleyi. This latter species, together 
with the first occurence of Vaginulinopsis scalariformis mark the 
base of Assemblage Zone C. 
A relatively high proportion of planktonic foraminifera are 
also encountered at this level, including Globigerinelloide.s ehrenberg.!.. 
for the first time together with Globotruncana primitiva, a species 
described originally from the Santonian of Tunisia (Dalbiez 1955). 
The simi lari ties in the planktonic faunas found at the top of the 
St. Margarets l Bay section and at the base of the Hope Point 
section provide the basis for a tentative correlation between the 
two. They are also lithologically similar, as two distinct marl seams 
separated by a horizon of bioturbated marly chalk are present in both. 
The benthonic fauna throughout the Hope Point section is again 
largely formed by Gavel inella ammonoides, Globorota lites cushmani, 
Gyroidinoides nitidu s, Lingulogavel inella SP. A. , Lenticul ina 
rotulata and Arenobulimina obligua. Lingulogavclinella sp.A. is 
a consistant member of the fauna at this level and is beginning to 
increase in abundance. The other important memhers of the 
Cassldulinacea, Stensioina granulata, S. exsculpta exscu.!..P..!.2, 
Gavelinella thalmanni and Osangularia whitei var. whitei are p ... esent, 
al thuugh not common. 
Towards the top of the Hope Point section Praebul imina reussi 
is recorded for the first time, providing a very useful microfaunal 
marker between this section and that of Oldstairs Bay. The presence 
of "Bedwell's columnar fl int band" at the top of both these sections 
provide~_a good lithological correlation. 
In the middle of the 6 metre Oldstairs Bay section a further 
229' 
faunal change is recorded, marked by the first appearances of 
Cibicides beaumontianus, Stensioina granula ta var. A. and 
Eouvigerina sp. C. This break is used to mark the junction between 
Assemblage Zones C and D. It is also present in the Joss Bay section 
of the Isle of Thanet, and again it occurs 3 metres below the I1columnar 
fI int bandit. 
Assemblage Zone D spans the section as high as ItWhitaker's 3" 
bandit, which provides a useful I ithological marker for the upper 
I imi t pf the zone. The junction between' Assemblage Zones D and E 
is mar'ked by a number of micr'ofaunal changes, not least of which 
is the extinction of Lingulogavelinella sp.A. 
, -
Throughout As~emblage Zone D this species becomes an increasingly 
abundant member of the population, occasionally totalling over 30% 
of the fauna. At the zonal boundary its disappears abruptly, apart 
from very rare specimens found above. 
Cibicides ribbingl, C. beaumontianus var.A and Eponides cf. 
concinna all appear for the first fine at this level., together with 
rare specimens of pyramidina cf. Euliminoides. They are followed 
by the reappearance of Reussella kelleri in the 250 }J - 500 J.l 
fraction. This species is 'again a consistant member of the fauna 
from this level. 
This assemblage is considerably more diverse than that 
encountered at the bottom of the Langdon Stairs sections. It has 
been recorded to 3 metres above the "Barrois'Sponge Bed", where 
this section was terminated. 
The following thicknesses were recorded for" the assemblage 
zones in south east Kent:-
Assemblage Zone A - at least 22.20 metres 
Assemb lage Zone B - 17.00 metres 
Assemblage Zone C - 20.20 metres 
Assemblage Zone D 14. 30 metres 
Assemblage Zone E at lear;t 11.70 metres 
A correlation of the seven south east Kent sections is given 
in EncJosur"e 2. 
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6:2 Thames Barrier Site Investigation Boreholes, Woolwich. 
The ·samples examined from the three boreholes were processed 
by Foundation Engineering Ltd. , and core descriptions wel'C made 
by D. J. Carter and M. B. Hart. The depths below surface level at 
which the samples were taken are given as reference points in the 
following discussion. 
The lowest sample of Borcho'e No. 25 was taken at 97.12 metres, 
and the uppermost chalk sample WclS examined from 16.30 metres, 
although at this level the material was probably soliflucted, with a 
high content of sand, caving from the over' burden. The section is 
extended a further 5 metres by the addition of the upper part of 
Borehole No. 19. 
From the base of the section, for over 20 metres, the foram-
iniferal fauna contains a rich planktonic population, including 
Globotruncana marginata, G. pseudolinneiana, G. hulloides and 
Hedbergella brittonensis. These species total approximately 25% 
to 30% of the fauna, which is in contrast to the distinct lack of 
planktonic species higher in the section. Above 76.00 metres 
planktonic foraminifera become increasingly rare. 
The benthonic popu lation is dominated by Lenticul ina rotula ta. 
together with A.renobulimina obliqua, ~rssonella oxycona, 
Verneui I ina munsteri, Tritaxia tricarinata and Gaudryina frankei. 
Reussella kelleri is relatively common, together with Gavel inella 
ammonoides, Gavelinella sp. B. and Gyroidinoides nitidus. 
Linpulogavel inella sp. A appears at 87.00 metres, which suggests 
an earlier appearance in this sectionthanthatrecordcd in south-
east Kent. 
The top of Assemblage Zone A is again marked by the appearClnce 
of Stensioina granulata, Gavelinella thalmanni, Osangularia whitei 
var. whitei and Cibicid~ sp. A as in south east Kent. Reussella 
kelleri is only found in the fine sieve fraction above this level, unti I 
its reappearance in the 250}-J size fraction at the base of Assemblage 
Zone E. The base of Assemblage Zone B is taken at 58.80 metres 
below surface. Marssonclla oxycona and Verneui I ina munsteri are 
particularly common at this level. 
Stensioina exsculpta exsculpta is recorded for the first time 
o metr'es higher mid-way through Assemblage Zone B. The appear-
ence of the important species Loxostomum eteyi and Vaginulinopsis 
~calariformis, marking the base of Assemblage Zone C, occurs at 
approximately 43.00 metres. This zone is dominated by Arenobul imina 
obi igua, Gavel inella ammonoides and Lingulogavel inella sp. A., the 
latter increasing in abundance, as noted elsewhere, in this part of 
the succession. 
The base of Assemblage Zone D is taken at 26.00 metres below 
surface, as both Praebullmina reussi and Stensioina granulata var. 
A. appear at that level. The species Cibicides beaumontianus and 
Eouvigerina sp. C., which are found in this zone on the Kent coast, 
do not occur at this locality unti'l the base of Assemblage Zone E. 
At 19.00 metres Lingulogavelinella sp. A. disappears abruptly 
from the assemblage. This feature provides a very useful marker 
for the correlation of Borehole No. 25 and Borehole No. 19. 
Above this level, in Borehol~ No. 19, Reussella kelleri occur's in 
the 250 p. size fraction in association with Cibicides beaulTlontianus. 
Cibicides ribbingi is en~ountered 3 metres higher and this is 
characteristicall~' followed by C. beaumontianus var. A. Throughout 
this upper part of the section, intermediate forms between 
s. exsculpta exsculpta and~. exsculpta gracil is are common. All 
the above species are considered to be typical of Assemblage 
Zone E. 
The top of the section is taken at 4.91 metres below surface 
in Borehole No. 19, the material above this being soliflucted. 
Zonal thicknesses in the Borehole !'Jo. 25/Borehole No.1 9 section 
are as follows:-
Assemblage Zone A - at least 37.4 metres 
Assemblage Zone B - 14.5 metres 
Assemblage Zone C - 16.5 metres 
Assemblage Zone D - 12.2 metres 
Assemblage Zone E - at least 6.4 metres 
The thickness of Zone A is considered to be excessive, and it 
is thought probable that the borehole penetrated the upper part of 
the Holaster planus Zone, (a unit which was not thoroughly examined 
elsewhere). As the fauna at this level is somewhat restricted, no 
attempts to subdivide it have been made. It has subsequently been 
included in the lowest assemblage zone. 
The section examined from Borehole No. 52, between 85.25 
metres and 65.0 metres below surface, is included here as a 
comparison with the above account. 
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The fauna, as expected, is ~xtremely similar to that of Bore-
hole No. 25, and the lower snmples are characteri sed by the 
association of LenticulinCl rotulnta , Gavelinella ammonoides , G. 
EErtusa 1 with Reussella kelleri, L ingulogrlvel inella sp. A. nnd 
Verneui I ina munsteri. 
The faL!nal break associated with the base of Assemblage Zone 
B falls at approximately 77.00 metres, as at this level Reussella 
kelleri disappears from the 250 Jl size fraction and Stensioina 
granulata is noted for the first time. It is followed within the next 
2 metres by Osangularia whitei var. whitei and Gavelinella thalmanni, 
Cibicides sp. A. nor:-mally found at this level, was not recorded in 
this section. 
The rich planktonic faunCl of this zone in::ludes rare 
Globotruncana renzi, in addition to the more common ~. 
pseudo I inneiana, G. mClrgina ta, Whiteinella bal tica, Hedbergella 
brittonensis and Heterohelix globulosa. Globotruncana bulloides is 
present, but is onl y abundant above 68.00 metres. 
Stensioina exsculpta exsculpta occurs above 70.30 metres, 
followed 3 metres higher by Vaginulinopsis scalariformis and 
Loxostomum eleyi. This places the boundar~1 between Assemblage 
Zones Band C at 67.00 metres. This section"was terminated 2 
metres higher, by which l(lVef Lingulogavel inella sp. A. has begun 
to increase in abundance. 
·The zonal thicknesses of this section are as follows:-
Ass~mblage Zone A - at least 0.25 metres. 
Assemblage Zone B-1 O. 00 metres. 
Assemblage Zone C - at least 2.00 metres. 
As all the Assemblage Zones A to E are recognisable in the above 
borehole sections it is possible to correlate them with the published 
macrofaunal zones. Using the Langdon Stairs section as a COIn-
parison the junction of the two Micraster zones has been plc:ced 2 
metres above the boundary of Assemblage Zones A and B. 
If the M, cortestudinarium Zone is accepted as being approximately 
25 metres thick, as it is in ~<ent, then the lowest 12 metres of Bore-
hole No. 25 represents'part of the Holaster planus Zone. Subsequently 
the thickness of the M, coranguinum Zone at Woolwich would be 
approximately 50 metres. This is a reduction of 14 metres when 
compared with the zonal thickness seen in south cast Kent. The 
thickness of Assemblage Zone C also appears to be relatively 
reduced in the Woolwich area. 
6:3 The Isle of Wight 
The two sections, Freshwater Bay and Culver Cliff, are con-
sidered separately. Assemblage Zones A to E are present in the 
former, whereas only 7.ones 0 to F were examined in detail at 
. 
Culver. 
The base of the Freshwater Bay section waS located at the 
western extremi ty of the bay, using Rowe's (1900) description to 
locate the junction of the H, planus and M. cortestudinarium Zones. 
This boundary is marked by two distinct marl scams, the uppnr of 
which was used as the base of the present measured section. The 
chalk below this level is inaccesible at this local ity. 
The whole of the M. cortestudinarium Zone and the lowest 
5 metres of the M. coranguinum Zone form Assemblage A, 
characterised as usual by the abundance of arenaceous foraminifera 
and L. rotulata. Other common species (G. ammcnoldes,' 
G. cushmani and G. nitidus, and the sporadic occurences of 
V. mUnsteri and R. keller-i) act as useful zonal m"lrkers. 
Planktonic species are common, forming up to 20% of the 
fauna, although numbers are variable, possibly due to the variation 
in hardness of the chalk. The level of processing required varies 
accordingly, and may resul t in the destruction of fragi Ie planktonic 
species at more indurated horizons. Hedbergella ~pp., G. marginata 
and G. pseudolinneiana dominate the planktonic fauna, together with 
some rare occurences of G. cf. angusticarinata mid-way through the 
zone. 
Lingulogavelinella sp.A appears sporadically in the upper part 
of the zone, which equates, approximately, with the lower part of 
the M. coranguinum Zone. This species becomes more persistant 
towards the top of the Assemblage Zone J which is drawn at the 
first appearance of O. whitei var whitei, (as S. granulata was not 
encountered in this section). The other two characteristic markers 
for the base of Zone B, Cibicides sp.A and G. thalmann!, both 
occur within 3 metres of the zonal boundary. The addition of 
.5. exsculptn e>,sculpta to the assemblage in the upper part of 
the zone correlates well with both the sections of south east l<ent, 
and Woolwich. 
The percentage of planktonic Foraminifera shows a gradual 
decrease throughout the zone, similar to that noted at the same 
level in the Thames Barrier Site Investigation sections. 
G. bul Joides is added to the species list of the underlying zone 
together with W. baltica, which occurs from the base of Zone B. 
Nine metres above this boundary there is an horizon dominated by 
planktonic Foraminifera, including rarer species such as G. renzi, 
Q.. cf. angusticarina ta and G. primi tiva. All of these are consistant 
with a mid to late Coniacian age for this part of the succession. 
The decl ine of the planktonic fauna towards the top of Zone B 
provides a useful marker for the correlation of the eastern and 
western sides of the bay. A few metres above the base of the 
2 ;j~l) 
1 
eastern section the appearance of L. eleyi, together with occasional 
specimens of v. scalariformis, marks t'he base of Assemblage Zone C. 
Lingulogavelinella sP. A increases in abundance throughout this 
zone until it totals over 30% of the foraminiferal fauna. Gavelinelln 
spp. are also extremely abundant. P. reussi, although present in 
this section, never becomes as common as it is at other local ities. 
Because of this, and the absence of S. granulata var.A it is difficult 
to determine the upper boundary of the zone. However, the 
extinction of E. stormi may be used as an alternative marker, as 
. 
it occurs consistantly at this level elsewhere. This species has a 
. 
limited stratigraphic value as it is not common and is represented 
only as very small individuals. 
Four metres above the junction of Zones C and D ?-ouvigerina 
sP.! C. is recorded for the first time, followed by Eponides cf. 
concinna, which equates with the standard zonation. The extinction 
of Lingulogi1vel inella sp. A mid-way through Zone D is more 
unusual as it normally marks the upper limit of the zone. This 
boundary was based however on the distinctive appearance of the 
group of species including C. beaumontianus, C. ribbingi, followed 
by C. beaumontianus var. A. These, together with large numbers 
of R. kelleri and early forms of S. exsculpta gracilis are all 
characteristic of Assemblage Zone E. It is also worth recording 
that O. whitei var. whitei is common in this zone in the Freshwater 
Bay section. 
The hardness of the chalk, re~ulting from the structural 
deformation which this area has undergone, makes processing 
difficult. This in turn often results in apparently poor faunas, 
with stratigraphically important species often rare or absent. 
However, it is still possible, despite these difficulties, to erect 
a viable zonation, with thicknesses of:-
Assemblage Zone A - at least 22 metres. 
Assemblage Zone B - 29 metres. 
Assemblage Zone C - 33.2 metres. 
Assemblage Zone D - 14.5 metres. 
Assemblage Zone E - at least 12.4 metres. 
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Culver Cliff. 
The accessible part of the M. cortestudinarium Zone and the 
whole of the M. coranguinum Zone (Rowe 1908), were collected, 
although on the strata which Rowe considered to be the uppermost 
75 metres of the M. coranguinum Zone were examined in detai I. 
The results of this work led to the recognition of a foraminiferal 
zonation for the section, which has brought Rowe's macrofaunal 
boundaries into question. 
There has always been doubt as to the position of the upper 
I imit of the M. coranguinum Zone, since Rowe (op. cit) recorded 
that "we have no chance of obtaining any definite measurement, by 
reason of the fact that a fresh fall has occured in the little bay on 
the north side of the White Horse ll • He also commented that "This 
fall has caused the chalk on either side of it to be so obscured by 
dust that the section in the area is quite unworkable". 
Rowe (op. cit.) estimated that approximately 300 feet (91. 5m) 
of chalk belonging to the M. coranguinum Zone was exposed at 
Culver Cliff. This figure was later reduced by 26i feet by Brydone 
(1914) in his detailed examination of the overlying U. socialis Zone. 
It is also noted that there is some confusion as to the thickness of 
the Marsupites testudinarius Zone (Barr 1962) J and a detai led re-
study of the macrofauna of this important section is necessary. 
The present work, as stated previously, is restricted to the 
• 
results of the construction of a microfaunal zonation. Macrofossils 
we .... e always recorded in the field,but sufficient time was not 
available for a more complete revision of the section. 
The uppermost samples were thought to include the basnl junction 
of the U. socialis Zone, thus a microfaunal correlation should 
have been possible with Freshwater Bay. When the foraminiferal 
assemblage at this horizon was examined, it was found to include 
species totally different to those found at this level elsewhere. 
These included Gavelinella sp. C. , G. cf. clementian~, 
R. szajnochae var:-. praecursor, Q. trochoid~s and Ca5sidella sp. A. 
along with later forms of S. exsculpta gracilis than those encoun-
tered in other sections. Other species, such as.E: cf. buliminoides", 
C. ribbingi and C. beaumontianus var. A .. which are present at the 
highest levels in other sections were quite common. This assemblage 
suggested that the chalk of the M. coranguinum - U. socialis Zonal 
junction, (Rowe 1908) of Culver CI iff is, in real ity, stratigrnphically 
younger than the same level elsewhere. 
The examination of the foraminifera 45 metres lower in the 
section establ ished the junction of Assemblage Zones 0 and E, 
·based on the extinction of Lingulosavel inel la sp. A and the first 
occurrences of C. beaumontianu!!.and E. cf. concinna. The upper 
I imi t of Assemblage Zone E was based on the first appearance of 
R. szajnochae var. praecursor and Gavel inella sp. C.' the unit above 
this being referred to as As·semblage Zone F. 
Lower in the section all the usual stratigraphic markers are 
present, including R. kelleri, S. granulata, S. granulata var. A. 
P. reussi and S. exsculpt.:l exsculpta. The combination of 
Lingulogavelinclla sp.A. G. thalmanni, O. whitei var whitei and 
--
Cibicides sp. A in the region of the M. cortestudinarium:' 
M. coranguinum Zonal boundary (Rowe 1908) suggests that the base 
of Assemblage Zone C is close to this level. 
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- Lingulogaveline\la spA L I I Osangularia whitei var: whitei 
l- I I Cibicides sp.A. 
- Verneullina munsteri 
I 
-
I I Reusse\la ke\leri 
I I I Gaveli nella thalmanni 
I I I Loxostomum eleyi 
-- Stensioina granulata 
I I - I Neoflabellina praerugosa 
I 1 I Shmsioina exsculpta exsculpta I Praebulimina reussi 
I I I Eouvigeri na sp.C. 
I I I Stensioina granulata var.A. Cibicides beaumontianus 
I I-- r--- NeoflabeU ina deltoi dea , 
I I I Eponides ct. concinna 
- - Pyramid ina ct. buliminoides 
I I I Reussel\a szajnochae praecursor 
I I Gavelinel\a sp.A I 
- - Quadrimorphina trochoides 
I I . - Cibicides beaumontianus var.A . , 
I I Gaveli nella cf. clementiana I 
-
- Stensioina exsculpta gracilis 
I I - Cibicides ribbingi , 
- Cnssirlel\a snA. 
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This, when compared with other localities, also indicates that 
Rowel:; (op. cit.) assessment of the lower macrofaLlnal zones may 
be incorrect, although only a preliminary examination of the 
microfauna was carried out at this level. 
To summarise, the upper I imit of the M. coranguinum Zone 
falls approximately 12 metres above the junction of Assemblage 
Zones D and E at all the localities studied, except Culver Cliff 
where it occurs 35 metres higher. Even allowing for slight 
discrepancies in zonal thicknesses between sections, it would 
seem that Rowe's (1908) boundary between the M. coranguinum 
Zone and U. social is Zone was placed at least 20 metres too high. 
This figure is considered to be an acceptable estimate for a poorly 
accessible section from which Rowe recorded a "meagre" macro-
faunal list • 
. The thicknesses for the microfaunal Assemblage Zones 
recorded are as follows:-
Assemblage Zone D - at least 15 metres. 
Assemblage Zone E - 18 metres. 
Assemblage Zone F - at least 21.4 metres. 
6:4 Norfolk 
The use of the Micraster zones in Norfolk, as interpreted 
by Peake and Hancock (1961, p.309), leads to the inclusion of 
chalk equivalent to the lowest third of 'the M. coranguinum Zone 
of souther-n England with·in the preceding M. cortestudinarium Zone. 
This is caused by the lack of stratigraphic markers and the poor 
mncrofauna. 
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Fortunately, the microfauna is rich and diverse. Both the 
sections ,studied, Helhoughton and Ncwton-by-Castleacre (and 
also the material examined from Burnham Overy), yielded 
~bundant foraminifera. 
The first of the~e, Helhoughton, is recorded by Peake and 
Hancock (op. cit). as belonging entirely to the M. cortestudinarium 
Zone. However, on examination, the rich microfauna proved the 
section to lie across the junction of Assemblage Zones C Dnd D. 
This horizon lies high within the M. cornnguinum Zone when 
compared with the rest of zouthern England. 
The lower half of the section is dominated by a large number 
of planktonic Foraminifera. G. bulloides is extremely abundant, 
totall ing 33 % of the fauna 2 metres from the base of the section. 
Other common species of the same genus are G. canaliculata and 
G. pseudolinneiana. The benthonic fauna includes Lingulogavelinella 
sp.A." S. granulata, R. kelleri, S. eX5cuipta cxsculpta and 
L. eleyi, but it is not until the upper half of the section that the~c 
show a marked increase in abundDnce, particularly the first two 
species. 
These are joined by P. reussi ~ V. scalariformis, ~vigarina 
sp.C. and S. granulata var. A. in the upper half of the section. 
The latter two species are used as indicator;:; for Assemblage 
Zone D. The planktonic fauna also shows an increased diversity, 
by the addition of A. bosguensis and G. ehrenbergi. 
The correlation of this section with the rest of southern 
England is a simple procedure, as all the important marker species 
are present. 
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The presence of the boundary between Zones C and D is important, 
as when this is compared with the south east Kent succession, it 
equates the present section with the chalk immediately below 
IIBedwellls columnar flint" band. This then places it at the base 
of the Santonian, as given by Casey et al (in press). 
The section at Newton -by-Cal=itleacre lies stratigraphically 
very close to that at Helhoughton. Peake and Hancock (op. cit. ) 
regarded it as being higher in the succession, yielding material 
across the junction of the Micraster zones. 
G. bulloides is again extremely abundant in the lower part of 
the section, although at this locality It is joined by large numbers 
of R. kelleri, which is normally rare at this level. S. granulata 
and S. exsculpta exsculpta are both present throughout the section, 
and the appearance of S. granulata var. A. and Eouvigerina sp. C in 
samples from the top of the section is reminiscent of the faunal 
change at Helhoughton • 
. The low number of Lingulogavelinella sp.A are normal for an 
horizon below Assemblage Zone D, and the rare occurrence of 
A. bosguensis is also similar to the situation at Helhoughton. 
G. rowei is present at Newton towards the base of the section, 
which is a further indicator of the stratigraphic level found in the 
section. 
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The material from Burnham Overy is believed to belong to 
Assemblage Zone D, as it yielded large numbers of S. grnnulata 
var. A. in addition to S. exsculpta exsculpta and O. whitei var. 
whitei. 
Both the sections are relatively smal I, being less than 12 
metres in thickness, and both are similar in the microfauna which 
they yield. It appears that they lie well within the established 
description of the M. coranguinum Zone, based on the foraminiferal 
assemblage, when correlated with the southern English coast, a 
point which is also true for Burnham Overy. 
6:5 Quidhampton, Wiltshire. 
The soft chalk at this locality yielded an exceptionally rich 
fauna, both in number and diversity. Sixteen arenaceous species 
were recorded, the more common being A. obligua, A. variabile, 
V. munsteri, M. oxycona and E. gibbosa var. globulosa, together 
with thirty four species belonging to the Nodosariacea. These 
included V. scalariformis, Citharinella sp. A., N. deltoidea and 
N. praerugosa which are of limited stratigraphic value, the re-
mainder being long-ranging species. 
The section, for the most part, has been placed in Assemblage 
. 
Zone D, the species of the Cassidulinacea and Buliminacea chal"acter-
. 
istic of this level, all being present. The top of the zone is taken 
at a level 22 metres from the base of the quarry. This is less than 
a metre above the uppermost fl int horizon, a distinctive tabular 
band, described in the lithological discussion, Lingulogavelinella 
sP. A. becomes extinct at this level and C. ribbinaL, C. beaumontianus 
var. A and P. cf. bul iminoides are added to the fauna. 
-- -- -- --------------2511 
It is thou!";ht that the junction of Assemblage Zones C and D 
occurs towards the base of the section, approximately G metres 
above the quarry floor. C. bec~umontianus is recorded for the 
first time at this level, followed closely by S. granulata var. A. 
Eouvigerina sp. C, which is normally only found above the base of 
Assemblage Zone D is present throughout the section, suggesting 
tha t the boundary might be Ic;>wer. 
The planktonic fauna from this locality is relatively few in 
numbers, but very diverse, with G. concavata, G. linneianR, 
G. rowei, G. ehrenbergi and a late G. renzi in addition to the 
common species G. pseudolinneianR, G. marginataJH. brittonensis, 
W. baltica and H. globulosa. 
The microfauna of this section relates well to that of south 
east Kent, and it is interesting to note that the junction of Zones 
D and E occurs in close proximity to the last major flint band in 
.both sections. The foraminiferal zonation agrees with the placing 
of this section in the uppermost part of the M. coranguinum Zone 
(Jukes - Brown and Hill 1904), presenting a good example of the 
relationship between the macro- and microfaunal zones. 
The zonal thicknesses at this locality are as follows:-
Assemblage Zone E - at least 5 metres. 
Assemblage Zone 0 - approximately 16.5 metres. 
Assemb lage Zone C at least 6.5 metres. 
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'6:6 Beer I South east Devon. 
In ~he past there has been some discussion as to the exact 
position of the lower limit of the M. cortestudinarium Zone at this 
locality {Rowe 1903, Jukes -Browne and Hill 1904}. It was generally 
agr'eed however, that it fell within the section'at Annis' Knob. 
Jukes - Browne and Hill (op. cit.) used the distinct "tabular" 
flint band, mid-way up the cliff face as a lithostratigraphic 
marker for the zonal boundary. lis' use is noted here as a guide 
to the distinct change in the foraminiferal assemblage. 
The microfauna is not particularly abundant, especially at 
those indurated levels above the flint. The presence of several 
phosphatised incipient "hardgrounds in the section (Kennedy & 
Garrison, 1975) meant that thin sections had to be examined at 
several horizons, in the absence of material prepared by normal 
processing. 
The role of the planktonic fauna in acting as a guide to the 
base of the lo'wer Senonian has been described by Bailey (1975). 
The lower part of the section is dominated by the species 
G. pseudol inneiana, used by Owen (1970) in defining the upper-
most fornminiferal subzone for the Turonian. Approximately one 
metre above the distinct tabular flint this species is replaced in 
importance by G. marginata and early 'forms of G. buJloides. 
G. renzi was recorded three metres higher and noted as 
being an index species for the Coniacian. The species however 
may be found in the uppermost Turonian and is used merely to 
substantiate the faunal break marked by the other species, at 
the stnge boundary. 
/ 
r " ' 
It 
• 1 
~ 
f 
i, , 
+ ! 
if I~ 
d 
n 
f:. K
1\ 
i ~ 
,~! 
~ 
,~ 
• 
'I 
':;.. 
" " t -:~ 
',; 
~ 
~ 
~ 
" 11 ~ h I ~t 
P 
it 
I' Ii 
.,,; 
II ~ 
(~ 
; ~ 
: :1 
~ ,1 
• I:; 
~ 
• ;.I>! 
The section is believed to lie entirely within Assemblage 
Zone A, as none of the later- stratigraphic markers are recorded. 
V. munsteri appears in the lower part of the cliff, and R. kelleri 
is noted a few metres higher. Both of these are used to define the 
base of the Coniacian in northern France (Robaszynski, in 
Colbeaux et al 1975) and it is bel ieved that their first appearance 
in this succession is indicative of the same stratigraphic horizon. 
Gavelinella sp. B. is also common in this section equating, with 
its' presence at the base of the Langdon Stair section at Dover. 
Other common species include G. ammonoides with some 
possible specimens of Gavelinella sp. C. A. obliqua, M. oxycona 
and A. variabile are abunc;lant, often totalling over 50% of the fauna. 
L. rotulata is common, along with fifteen other species of the 
Nodosariacea including N. praerugosa, G. trigonula, L. ovalls 
and numerous Nodosaria sp. A. 
The section is in total 17 metres thick, and regarded as 
being typical of the lower part of Assemblage Zone A. The base 
of the section is bel ieved to be Turonian and therefore below the 
present zonation. 
6:7 Arish Mell Dorset. 
The thin sections made from samples collected at Arish Metl 
yielded examples of G. butloides, G. pseudolinneiann and G.cushmani 
(see Plate 15.2), along with L. rotulatC'l and several arenaceous 
species. These fail to provide any definite evidence for the precise 
age of the, section, al though they suggest that it lies within the 
Coniacian. 
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6:8 Borehole samples, Essex. 
During the course of this study two borehole samples 
obtained by the Institute of Geological Sciences were examined. 
Both the boreholes were primarily intended as studies of Tertiary 
strata, in the revision of the 1 inch Geological Sheet No. 241 
(Chelmsford District), and they were terminated once they had 
penetrated a short section of bedded chalk. 
The holes were drilled at Witham (Grid ref. TL 0244 1534) 
and Kelveden (Grid. ref. TL 8(021797), Essex, and the initial 
resul ts were publ ished by the I. G. S. In their Annual report for 
1971. This assigned both samples to the U. social is Zone. The 
Witham sample was taken at a depth of 87.22 - 07.45 metres below 
surface, from a 3.61 metre core of chalk. The Kelveden core 
yielded 2.09 metres of chalk with flint from a depth between 79.04 
and 02.30 metres below surface. 
Foraminifera were extremely abundant In both samples and 
the faunal diversity was high, including numerous species of 
stratigraphic importance. G. bulloi des, G. linneiana and G. 
canal iculata were common, and a specimen of G. concavata was 
noted in the material from Kelveden, giving It a Santonian ngo. 
The more important benthonic species present in both samples 
are listed below. They have been combined as the faunas were 
effectively the same. 
s. granulata var. A. 
s. exsculpta exsculpta. 
s. exsculpta gracilis * 
G. cf. clementianrt * 
I I 
.. 
I 
"/ 
.' 
O. whitei var. praeceps * 
P •. reussi 
P. cf. buliminoides * 
R. kelleri 
R. sza,inochae praecursor * 
C. beaumontianus 
C. beaurnontianus. var. A. 
C. ribbingi 
All these species are typical of the highest part of the suc-
cession examined in this study, particularly those marked with an 
asterisk, which are characteristic of Assemblage Zone F. This 
zone· is believed to equate approximately with the base of the U. socia lis 
Zone, confirming the original placing of the chalk at the correct 
stratigr'aphic level. An early to mid-Santonian age is suggested 
by the planktonic fauna. 
6:9 The Use of the proposed zonal scheme 
The introduction of a zonal scheme for the lower Senonian 
of southern England must be of general application if it is to be 
of real value. Thus the correlation of numerous sections, based 
on such a zonation, provides both the evidence for the scheme and 
its' justification. 
The proposed zonation, besides providing a broad descrip-
tion of the foraminiferal assemblage as a whole, and in particular 
those species of stratigraphic value, Is also significant in several 
other respects which are discussed below:-
. -
. i) It allows a detailed analysis of the toti'll faunal assemblage, 
primari Iy the foraminifera in the present study, within a defined 
unit. Thus variations in the relative proportions of ta><a, from 
Superfamily to species, and the evolutionary trends present in 
these groups can be recorded within a predetermined framework. 
i i} The microfaunal stratigraphy can be readi Iy correlated 
and compared with the-existing macrofossil zonation. It follows 
that where the macrofauna is sparse, microfossil studies may 
help to qualify and clarify the stratigraphy. This is proven by 
the application of the proposed scheme to the Culver Cliff section, 
where the present evidence suggests that the existing macrofaunal 
zonal boundaries may be wrongly positioned, when compared with 
other sections. 
This application of the scheme is also of value in the 
correlation of long borehole sections, both with each other and 
with established exposures. This is the situation present in the 
correlation of the Thames Barrier Site Investigation boreholes 
with the succession seen on the coast of south east I<ent. 
iii) The above application may also be used in the evaluation of 
individual spot samples where the macrofauna is poor. This was 
carried out on the samples from Burnham Overy, Witham and 
Kelveden. In the case of the last two, the sub-Tertiary Chalk 
outcrop was dated and related to the existing macrofossil zones. 
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iv) By comparing the relative thicknesses of each of the 
proposed zones in the sections studied, some indication of 
differential rates of sedimentation mny be observed. Table 
gives the zonal thicknesses for the more important sections, 
arranged approximately west to east, and correspondingly with 
the greater thicknesses present to the west. Th·is is certainly 
apparent in Zones B arid C and less obviously so, in Zone D. 
Freshwater Culver Thames 
Zones Bay Cliff Qu i dhampton S.E. Kent Barrier 
E 12.4m l8.0m 6.5m 11.7m 6.4m 
D 14.5m 15.0m 16.5m 14.3m 12.2m 
C 33.2m 5m 28.2m 16.5m 
B 29. Om 17. Om 14.5m 
A 22. Om 22. 2m 37.4m 
Table 1. 
The thicknesses of these zones are doubled in the Isle of 
Wight when compared with those of the Thames Barrier Site 
Investigation boreholes. The interpretation suggested is one of 
varying structural controls in the areas studied during the lower 
Senonian. To the east it is known that the London Platform, or 
East Anglian Massif (Kent 1975) was still a positive structural 
block during the Cretaceous, al though this was probably due to 
the relative subsidence of the adjacent trough. 
In the present study, the Wessex Basin provides the area 
with the greatest thicJ.mess of preserv·ed Chalk deposits. 
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, It seems unl ikely that the suggested variations in zonal thickness 
is entire,ly due to differential compaction during diagenesis, as 
the Wessex area has certainly undergone greater tectonic stress 
than south eastern England. It would therefore appcar that the 
sedimentary thicknesses of the foraminiferal zones are at least 
partially due to the primary rates of sedimentation. 
It may be inferred from this that the old pre-Mesozoic 
structural regimes were still active during the Late Cretaceous, 
if only on a relatively minor scale. An interpretation which 
qualifies the outline summarised by Kent (1975) which statcd that 
lithe Chalk was widely transgressive and essentially unaffected 
by structural compl ica'tions in 'the underlying rocks". 
v) Finally, by using the characteristic members of the fauna, 
comparisons may be drawn with similar foraminiferal assemblages 
described from elsewhere. This has been carried out in detail in 
Chapter 7, using literature related to the important Upper 
Cretaceous outcrops of Northern Europe. 
In this way the relationships of faunal assemblages can be 
deduced on an international basis, and comparison can be made 
with what is known of the foraminifera of the stratotype region 
of south western France. The validity of the Turonian-Coniacian 
and Coniacian - Santonian boundaries a5 sU~1gested by Casey et al 
(in press) for southern England can be assessed. { 
·1 
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CHAPTER 7. 
FORAMINIFERAL CORRELATION IN THE EUROPEAN LOWER SENONIAN. 
7:1 ,Introduction 
The lower Senonian lasted for approximately six mi II ion years 
(van Hinte, 1976), and during this time the sedimentary history of 
northern Europe was one of relative stability. The conditions of chalk 
deposition have proved a subject for considerable discussion, and 
recent works by Kennedy and Garrison (1975) and Hancock (1976) 
have provided detailed reviews of current ideas. 
These two publ icati ons have therefore furnished most of the 
information used in the present study, with respect to the environmental 
factors controlling sedimentation during the European Late Cretaceous. 
7:2 Palaeogeographic features of northern Europe. 
A major regressive event occured during the middle to late 
Turonian (Hancock 1976, Petters 1976), and the Coniacian to early 
Santonian represents a period of continuous, gradual, inundation 
following this event. The maximum transgressive phase was not 
reached unti I the I ate Campanian. This sequence of events can be 
seen in the succession in Northern Ireland (Hancock 1961) where the 
thin Turonian and lower Senonian are represented by glauconitic 
limestones and calcareous glauconitic sands. The calcium carbonate 
content increases progressively, true chalks being deposited in the 
. upper Senonian. 
I I 
I 
I 
I 
i 
i 
2621 
The period was also one of increasing oceanic water 
temperatl;Jre, a factor proposed by Urey ct al (1951), Lowenstam 
and Epstein (1954), and Bowen (1961). Bandy (1967) interpreted this 
work in relation to planktonic foraminiferal evolution during the 
Upper Cretaceous, and this was reviewed by Hart and Carter 
(1975) in a discussion of Cretaceous foraminiferal research in 
this country. 
As Hart and Carter (op. cit) point out, it seems probable that 
this rise in temperature is directly related to the increase in Hea 
level. The resulting submergence of the land masses on the western 
margin of the European continental shelf (the Armorican, Cornubian, 
Hibernian and Caledonfan massifs) allowing warmer oceanic currents 
to circulate further across the shelf area. 
There is a growing body of data with regard to the oceanic 
current circulation of the North Atlantic, during the Middle to Late 
Cretaceous,{ Banner 1972, Luyendyk et al 1972 Irving et al 1974). 
The model proposed b~1 Luyendyk et al (op. cit. ) for the mid-Cretaceous 
North Atlantic palaeogeography is employed, following it's dis-
cussion and modification by Hart and Cal"ter (op. cit) and Hart 
(1976). By reducing the land areaS on the Atlantic sea-board 
(Hart and Carter OPe cit, t. fig. 10), the probable current directions 
can be postulated for the early Senonian. (Fig. 7:1). A non-glacial 
• 
wind configuration is used, in the light of a suggested water temper-
ature range between 200 C and 250 C (Urey et al 1951, Lowenstam 
and Epstein 1954 and Bowen 1961). 
1
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The direction of mass water movement through the Tethyan 
ocean was east to west, and Luyendyk et al suggest that a closed 
gyre system would have existed in the rapidly expanding North 
Atlantic. It is also likely that warmer bodies of water, in the 
form of nor'therly branches of the main Tethyan stream, would 
pass across Europe carrying more typically southern pl.:mktonic 
foraminifera with them. Thi~ direction of current flow was present 
during the Cenomanian (Hart 1976), and the occurrence of 
G. concavata and G. renzi in sou:hern England indicates similar 
water movement during the Coniacian and Santonian. 
These northerly currents would pass into the northern 
European province through the deeper channels of the Wessex -
Paris Basin and the Danish - Polish Trough. The margins of these 
basins were formed by the positive areas of the Armorican and 
Central Massifs, the Central European (Bohemian) and the London-
Brabant Massifs and the Baltic Shield (Fig. 7:1), which were 
partially, if not totally, submerged during the late Cretaceous 
transgression. The thinning of the lower Senonian succession 
between the Wessex Basin and the London massif has already been 
discussed in Chapter 6 •. 
Evidence for the margins of the Chalk Sea in the European 
province is scarce and in the British Islc:sin particular it is res-
tricted to the scattered sandy chalk deposits of the Western Isles 
of Scotland (Bailey 1924, Lee and Bailey 1925) and the Hibernian 
Greensands of Northern Ireland (McGugan 1957). 
In cbntrast, the typical white chalk of the Ballydeenlea 
deposits in Eire (Walsh 1960, Barr 1966) indicate the presence 
of the "normal" chalk facies to the west of the Engl ish outcrop. 
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The chalk of south-east Devon was deposi ted on the edge of the 
\Nessex Basin, and the succession of phosphatised hardgrounds 
and incipient hardgrounds (Kennedy and Garrison 1975) suggests a 
relatively shallow depth of deposition. 
The Senonian stratotype region of northern Aquitaine, situated 
on the north wester"n flank of the Central Massif, is another area 
of marginal deposition (Seronie-Vivien, t 972). The ConiClcian and 
Santonian deposits of this region comprise glauconitic, calcareous 
sands and bioclastic gravels. It v.as not until the maximum trans-
gressive phase of .the Campanian that the water depth was great 
enough to result in white chalk deposition. By the early Maastrichtian 
a more terrigenous facies !"lad been re-establlshed. 
A similar sedimentary sequence is present to the north of the 
Bohemian massif, the Cretaceous palaeogeography of the area being 
recently described by Diener (1967). Further to the south east, in 
northern Bohemian and Saxony, a sedimentological study of 
Turonian - Coniacian cross-bedded sands (Jerzykiewicz 1967) has 
suggested that the detrital material was derived from small islands 
of crystalline basement to the north and north east. These would 
have lain to the north of the main Bohemian massif illustrated by 
Hancock (1976), and a narrow sedimentary trough was present 
between the two. 
The north eastern edge of the lower Senonian Chalk Sea was 
formed by the Baltic Shield, and between this and the Danish -
Polish Trough there are several descriptions of marginal deposits. 
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'Brotzen (t 945) described the marly conglomerates of Ystad-Vornb 
in southe.rn Sweden, and Bergstrom et al (1973) have produced a 
detai led analysis of the calcareous sands and conglomerates of 
the Sardal district. The description of the planktonic foraminiferal 
fauna of the Bavnodde Greensand (Douglas and Rankin 1969), from 
the Island of Bornholm is also important as it provides a useful 
palaeogeographic discussion. 
Apart from these areas, northern Europe was submer-ged 
beneath the Chalk sea und a unified environment of deposition 
covered the whole area. 
Two other regions, further to the south, have been considered 
in this discussion, simply due to the existance of detailed micro-
faunal studies. The Upper Cretaceous foraminiferal succession 
of the Mangyshlak Peninsula, on the eastern shore of the Caspian 
Sea, has been fully described by Vasilenko (1961), and here again 
the lower Senonian is represented by marls and chalks. More 
recently, Porthault (1974) has produced a major study of the Upper 
Cretaceous stratigraphy of the "Fosse Vocontienne" region of 
south eastern France. Both are extremely useful, the latter in 
particular, as they provide the fauna I I inks between the northern 
European province and Tethys. 
7:3 Comparison of European I ower Senonian Foraminiferal faunas. 
Detailed information regarding lower Senonian foraminiferal 1 
I , faunas is available over most of northern Europe, where outcrops 
provide suitable sections or from the study of borehole material. 
During the comparison of described assemblages, as in the study 
of the English fauna, it became apparent that the more valuable 
stratigraphic information was provided by the benthonic foram-
inifera, rather than the planktonic species. The presence of 
distinct northern European lower Senonian benthonic assemblages, 
with a geographic distribution from Eire (Barr 1966) to southern 
Russia (Vasilenko 1961) is suggested. In addition, the stratigraphic 
relationships of individual tax'l are remarkably consistant over the 
same area, a distance of 4,500 ki lometres. 
Selected areas are discussed in the light of their palaeo-
geographic significance and the relationship between their micro-
faunas is outl ined. More p~rticularly, the relationship of these 
areas to lhe resul ts of the present research are considered. 
The framework upon which this study hangs is the existance 
of distinct faunal assemblages, which are denoted as Assemblage 
Zones A to F (Fig. 5:1). The species used to define these zones 
are recorded from the rest of Europe, although specific names 
may vary, and it is this fact which allows a broad lower Senonian 
biostratigraphy to be suggested. 
The oldest division of the study, Assemblage Zone A, 
represents the transition from a Turonian benthonic fauna to that 
of the Coniacian. For example, Gavelinella sp. S, is simply the 
final member of the G. tourainensis lineage recorded from the 
Turonian (Butt 1966). 
The fauna of Assemblage Zone A, correlotes well with that 
illustrated from Sainghin-en-Melantois, France by Robazynski 
(1975). The Turonian - Coniacian boundary ot this local ity is 
emphasised by a slight hiatus, marked by Ct phosphatic hardground. 
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Above this horizon R. kellp.ri and V. munsteri were noted for the 
first time, these two species being characteristic of the zonal 
assemblage.Two metres higher in the section,Robazynski records 
Gavelinella aff. vombensis 2, which is known to be Identical to 
~ngulogavel inella sp. A (see Chapter 4), which occurs towards 
the top of the zone in this country. 
There are no other European descriptions of R. kelleri and 
V. munst~ri apart from that of Vasi lenko (t 961), in which h~ records 
the lalter as a characteristic ~pecies of the Coniacian. Howe"~I', 
he does not find R. kelleri until the mid-Santonian. This is not 
inconsistant with it's present recorded distribution, whcn it is 
considered that R. kelleri has two levels of abundance In the 
English Chalk, the early Coniacian and the carly to mid-Santonian. 
The former is apparently absent in southern Russia. 
The lower boundary of Assemblage Zone B is believed to 
equate with the German concept of the Turonian - Coniacian 
boundary, as in both countries the horizon Is marked by the lowest 
occurrence of Stensioina granulatn (Hilter'mann and Koch 1956, 
1960). In other areas of Europe this species Is recorded within the 
late Turonian (Brotzen 1945, Gawor-Biedowa and Witwicl<a 1960), 
although these authors suggest a predominantly Coniacian distribut-
Ion. In the Coniacian of the MangyshlaK Peninsula, Vasilenl<o 
(op. ci t) illustra tes 'en extremely closely related species Stensioina 
emscherica var. emscherica and in his synonomy hc includes 
Brotzen's (1945) Stensioina prae-exsculpta from the Hollviken 
boreholes of Sweden. 
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From the same sections, Vasilenko also records Osangularia 
whitei var. whitei, and this correlates with the association of this 
subspecies and S. granulata in this country O. whitei var. whitei 
is a common member of the assemb I ages recorded by Brotzen 
(1936, 1945) and Norling (in Bergstrom et al 1973) although it's 
precise range in Southern Sweden has never been given. Brotzen 
(1945) suggests that is restricted to the Emscherian and Santonian. 
Gavelinella thalmanni is also used to define the base of 
Assemblage Zone B in southern E:.ngland, and it's recorded geo-
graphical distribution includes Eire (Barr 1966), Germany (Koch 
1973), southern Sweden (Brotzen 1936, Norl ing,in Bergstro,m et 
al 1973), Poland (Gawor-Biedowa and Witwicka 1960) and the 
Mangyshlak Peninsula (Vasilenko 1961). It is generally considered 
to range from the base of the Coniacian through the Campanian, 
although Vasilenko (1961) and Koch (1973) do not record it until 
the Santonian. 
In this country, the lowest occurrence of Stensioina exsculpta 
exsculpta is consistantly a few metres higher than that of 
s. granulata, G. tha Imanni and O. whi tei var. whltel. This strati-
graphic relationship has been recorded by Vasilenko (1961) and 
Koch (in Ernst et ai, 1966) indicating a high degree of consistency 
over a wide area. 
A useful datum for regional correlation is the first appear-
ance of Loxostomum eleyi, used to define the base of Assemblage 
Zone C in the present study. It's range from the mid-Coniacian 
through the Campanian has previously been noted in the British 
Isles by Wi II iams-Mitchell (1948) and Barr (1966), however recor'ds 
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of its occurrence elsewhere in Europe do not appear to be strati-
graphically significant. 
The early Santonian assemblage found in southern England 
is murked by the association of Cibicides beaumontianus, Eponldes 
cf. concinna and Stensioina granulata var. A. This last taxon is 
very similar to S. granulata var. £,olonica, an undescribed variety 
used by Koch (pers. comm.) to mark the base of the Santonian in 
Germany. Eponides cf. concinna, or closely related forms have 
been recorded from the early Santonian across northern Europe 
(Barr 1966, Brotzen 1936, Vasilenko 1961) and it is commonly 
associated with the appearance of C. bcaumontianus. The abundance 
of this latter species, and related taxa (C. beaumontianus var. A 
and C. ribbingj) " in the early Santonian of northern Europe is 
believed to be of considerable stratigraphic significance. It has 
been recorded in the present study, in Eire {Barr),Germany 
(Koch, 1973) and also in south eastern France (Porthault, 1974). 
Slightly higher in the succession the assemblage is joined 
by Reussella sZajnochae praecursor which has a wide distribution 
in the northern province, and also appears to be present in the 
Upper Cretaceous of Antigua, B. W.I. (Cushman 1931). 
There are distinct early Coniacian and early Santonian 
foraminiferal assemblages which can both be ccrrelated across 
northern Europe, on a broad basis, as precise stratigraphical 
ranges are not always available. The stratigraphic use of benthonic 
foraminifera, such as those considered above, over a large area 
demands rapid distribution,despite their benthonic mode of life. 
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. Only~. beaumontianus and C. ribbingi lived attached to plant 
material, which may have aided their spread during the early 
Santonian, all the other species were dependant on natural 
dispersion across the sea floor. 
It is acknowledged that the general environment and substrate 
was relatively consistant across the whole urea and there were 
no physical barriers to prevent rapid migration. Even so, the 
stratigruphical succession obtained from the benthonic foraminiferal 
population is proof of their value on an inter-regional basis. 
Positive links, based on the benthonic fauna also exist with 
the Tethyan province. Porthault (1974) in his description of the 
Upper Cretaceous strati~raphy of the "Fosse Vocontienne" region 
of south east France, records twenty one benthonic foraminiferal 
species from the Coniacian and Santonian. Of these, fourteen have 
been recorded from southern England during the present study. 
He describes ,S. granulata, S. exsculpta and S. gracilis, 
although from the distribution of the last two, and his photographs 
of specimens from Puget - Therniers (1970) it Is bel ieved that he 
has confused the two species, as did Hofi<er (1956). L. eleyi and 
V. scalnriformis are both present in the early Santonian and as 
noted above, C. benumontianus isa member of the sume assemblage. 
More important perhaps, is the link prdvided by Porthault 
between the rich Tethyan planktonic foraminiferal assemblage and 
the less diverse fauna of the northern province. It is bel ieved tha t 
the area he discusses lay on one of the routes along which warm 
water currents, originating in the Tethyan province, were channelled. 
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The positive areas of the Vosges and the Black Forest were present 
to the north east, and the Massif Central provided a barrier' to the 
west. The two areas therefore created a corridor into the Wessex 
-Paris Basin. 
A few species of planktonic foraminifera, originally described 
from the Medi tteranean area, occur sporadically through the 
southern England succession. G. angusticarinata and G. renzi 
were both described from the Swiss Alps (Gandolfi 1942), 
G. concavata was described from Palestine (Brotzen 1934) and 
G. primitiva originates in Tunisia (Dalbiez 1955). G. concavata 
and G. renzi are the more important of the four as they have virtually 
a global distribution and are used by van Hinte (1976) as index species 
for the Santonian and Coniacian respectively. 
Moorkens (1969) records both of these species in the 
Senonian succession of Belgium, but neither have been described 
,from either Holland and Germany (Hofl<er 1956, Koch 1966 in Ernst 
et al) or southern Scandinavia (Douglas and Rankin 1969). This 
would suggest a limited distribution in the Boreal province. 
There are numerous discussions of the above four species in 
the Tethyan al~ea, including Dalbiez (1955), Lehmann (1962), 
Caron (t 966) and Scheibnerova (1966), and the European distribution 
of G. concavata, G. angusticarinata and G. renzi Is given in 
Figs 7:2-3.The pattern which emerges is one controlled by the lines 
of ocean current activity, the occurrences of these particular 
species being situated in areas to which warmer water was able 
to penetrate from the south. 
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The sporadic distri bution of Tethyan species in the English 
Chalk. is believed to be a result of itls palaeolatitude during the 
lower Senonian. Southern England and Germany lay on a similar 
Late Cretaceous palaeolatitude at about 380 N, however the 
former's position, directly to the north of the 'Wessex - Paris 
Basin, allowed the stronger pulses of warmer vJater to reach the 
area. 
G. angusticarina ta I G. concavata and G. renzi have all been 
described from Central Europe and the Carpathian region (Tollman 
1960, Scheibnerova 1968 and Hanslikova 1972), areas which'lay 
to the east of the Bohemian Massif. This suggests that warm 
currents were passing across eastern Europe during the lower 
Senonian, along the trend of the Danish - Polish Trough. However 
the absence of recorded'occurrences a little further to the north, 
in Germany indicates that they were not able to penetrate as far 
into the Boreal province along this route. 
Southern England and Belgium emerge as C\ transitional buffer 
zone between the Tethyan and Boreal provinces, a role already 
suggested for the English Chalk by Douglas and Rankin (t 969, 
table 2). The planktonic species diversity of the present study 
I ies between the rich Tethyan fauna described by numerous authors 
including Porthault (1974) and the typically impoverished Boreal 
assemblage described by Douglas and Rankin (op. cit. ) 
This Is briefly summarised in Table 2, In which the geo-
graphical distribution of planktonic species encountered in this 
study Is recorded for other ones of Europe, arranged from north 
to south. Globotruncana sigali Reichel and G. tarfayensis (Lehmann) 
have been included simply to give a balance between the northern 
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and southern provinces. 
The work of Be and Tolderlund (1971) on the present 
distribution of planktonic foraminifera in the oceanic areas, 
suggests that nine planktonic assemblages can be Identified 
in the surface waters, following more or less latitudinal belts. 
However, they maintain that only five broader divisions can 
be recorded using sea floor samples of dead materi,al. :In 
present - day oceans the equatorial to polar temperature 
gradient is much greater than it would have been in the Upper 
Cretaceous Epoch, if a non-glacial interpretation is correct, 
and there is little evidence for any polar ice during the time 
in question. 
By inference, it would seem that during the Upper 
Cretaceous it is only possible to recognise three such planktonic 
assemblages. The Boreal fauna, the more equatorial Tethyan 
fauna, and the Austral fauna in the southern hemisphere which 
has been described and compared with European faunas by 
Scheibnerova (1972) and Edgell (1957). 
APPENDIX A. 
NOTES ON THE AFFECT OF LITHOLOGICAL VARIATIONS 
ON MICROFAUNAL SAMPLES. 
Throughout this study a standard sampling interval has been 
maintained for anyone section, with the intention that no litho-
logical bias would be Imposed on the results obtained. However, 
the samples collected were by no means lithologically uniform. 
The Chalk of southern England has undergone a complex 
diagenetic history, and the resultant lithological variation affects 
the physical properties of the rock through itls geographical and 
stratigraphical distributions. These properties affect the processing 
methods used to extract a microfauna, and any micropalaeontqlogical 
study must acknowledge that these two factors may modify the faunal 
assemblage obtained. 
Indurated chalk. 
For the most part, samples used have been soft chalks, capable 
of being broken down by sl ight crushing in a mortar and pestle, 
followed by washing through a sieve, as described in Chapter 2. 
Some of the samples from the lower part of the succession on the 
Isle of Wight required greater use of the mortar and pestle. Despite 
the Induration of the rock, caused by ,tectonic deformation, an 
acceptable fauna was obtained from the majority of the samples. 
Similar alteration of the chalk of Arish Mell, Dorset meant that 
examination of the samples could onlY,be done by using thin sections. 
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Phospha ti sa tion. 
The phosphatisation of chalks, and the production of nodular 
fabrics and hardgrounds has a similar affect to that described 
above. Several samples from the Annisl Knob section, of south 
east Devon, had to be thin sectioned in order to examine the 
fauna, and obviously no faunal counts were taken for these 
assemblages. 
Marl seams. 
Decalcification of a sample, with the resultant loss of cal-
careous taxa has only been noted at one horizon. This was in a 
sample of the well developed marl seam used to mark the Junction 
of the Micraster Zones at Freshwater Bay (Sample FW 19). The 
microfauna obtained comprised 90% agglutinating species, with 
sil iceous sponge spicules and phosphatic teeth and microcoprolites. 
Flint "meal ll samples. 
Several samples were collected in the form of flint IImeal ll , 
from the interiors of cavernous nodular flInts, or from between 
compressed tabular fl ints. 
The microfaunas obtaIned were almost totally sIlicified, and 
they normally included common sponge spIcules In additIon to 
foramInifera and ostracods. 
The unusual feature of these faunas was the relatively hIgh 
'planktonic/benthonic ratio, when compared with that of the 
surrounding chalk. The planktonic foramInIfera made up 
approximately40-S0 .%of the total faunal assemblage, and thIs 
compares with a figure rarely above 10% for the rest of the successIon. 
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It should be noted that only a few fl int meal faunas were 
examined, from Arish Mell, Kent and the Isle of Wight, and the 
above figures are only approximate. 
A typical example taken from the well documented Langdon 
Stairs section of south east Kent was examined as follows. 
The sample was scraped from between the two thin « 1 cm) 
tabular fl ints which together constitute the "M. corangulnum 
tabular" of Rowe(1900). A sample was also taken for comparIson 
from the chalk immediately below the flint band. The vertical 
distance between the two samples was less than 2 cms. 
The general analysis of the faunas is as follows:-
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~ 
Chalk sample (LS32) Flint IIMea1 1l sample (LS33) 
Agglutinating foraminifera 
Calcareous benthonic 
foraminifera 
Planktonic foraminifera 
39.58% 
57.05% 
3.30% 
10.21 % 
29.32% 
60.44% 
There is a striking contrast between the two, which demands 
comment even if a satisfactory explanation Is not wholly possIble. 
It Is worth noting that the flint sample also yielded a specimen of 
Globotruncana concavata (Brotzen), whIch as already described, 
Is rare In this country. 
The preferential preservation of the planktonic assemblage Is 
unl ikely to have occurred because of an original concentration of 
planktonic foraminifera at thIs particular level. Secondary con-
centration durIng diagenesis, and the production of the flint Is , 
also unacceptable, as it is difficult to envisage a process by which 
this could happen. 
The simplest explanation is that the planktonic foraminifera are 
silicified, and therefore more resistant to breakage, in addition to 
being protected within the flint. When they are washed out of the 
sample little or no loss occurs due to breakage. By comparison, 
the calcareous, planktonic foraminifera of the "normal" chalk are 
often fractured, this being visible in thin section. When the sample 
is processed and disaggregated the fractured foraminifera wi II 
also break up, leaving a high benthonic count, as these taxa are 
normally more durable. 
This suggests that the true planktonic/benthonic ratio for the 
Chalk is only seen in faunas protected within flints, and Barr (1962) 
also noted how well preserved these faunas were. However these 
high cOldnts do not fit with the general trends seen in the lower 
Senonian chalk of southern England. Higher planktonic counts 
are obtained from the indurated chalk of the M. cortestudlnarlum 
Zone than from the softer chalks of the overlying zones. This is 
in contrast to what would be expected from the amount of processing 
required by the former. 
This general trend is encountered in all the sections studied, 
and is therefore consistant across the country. The Isolated occur-
rence of high counts from within fl ints provide the exception to a 
general rule, particularly when they are located, like the Kent 
s~mplelistedabove,in part of the succession with a normally low 
count. 
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This data regarding fl int "meal II faunas casts some doubt on 
·the calculation and interpretation of the planktonic/benthonic ratio 
for chalk samples. The planktonic fauna of the I~wer Senonian 
in southern England is of little use for detailed regional correlation, 
and the the benthonic microfauna provides a very acceptable 
alternative. For this reason little emphasis has been placed on the 
planktonic element of fauna in this study. 
Detailed work comparing flint "meal" faunas and those of the 
adjacent chalk, carried out in a stratigraphic context, may provide 
an explanation to the problem outlined above. Unfortunately this 
was not possible within the scope of the present study. 
282 
REFERENCES 
d'ARCHIAC, V. 1836. M~moire sur la formation cretace du 
Sud-Ouest de la France. M~m. Soc. 
g~ol. Fr., Sere " 2, No.7. 
ARNAUD, H. 1878. Parallelisme de la craie sup~rieure dans 
Ie nord et Ie sud-ouest de la France. 
Bull. Soc. geol. Fr., 6, pp.205-21'. 
• 
BAILEY, E. B. 1924. 
BAILEY, H. W. 1975. 
BANDY, O. L. 1951. 
1967. 
BANNER, F. T. 1972. 
The desert shores of the Chalk Sea. 
Geol. Mag,61, pp. 102-116. 
A prel iminary microfaunal investigation 
of the lower Senonian at Beer, south-
east Devon. Proc. Ussher Soc., 3, 
pp. 280-285, t. fig. 1. 
Upper Cretaceous foraminifera from the 
Carlsbad area San Diego County, 
California. J. Paleontol.,25, pp. 488-
513. 
Cretaceous planktonic foraminiferal zonation. 
Micropaleontology, 13, pp. 1-31, t. figs. 1-13. 
Pithonella ovalls from the early Cenomanian 
of England. Micropaleontology, 18, 
pp.278-284, Pis. 1,2. 
______ and BLOW, W. H. 1959. The classification and 
stratigraphical distribution of the 
Globigerinaceae~ Palaeontology. 2, 
pp. 1-27, t.figs. 1-5, Pis. 1-3. 
BARNARD, T. 1958. 
1963. 
1963. 
Some Mesozoic adherent foraminifera from 
the Upper Cretaceous of England. 
Palaeontology, 1 ~ pp. 116-124. 
Polymorphintdae from the Upper 
Cretaceous of England. Palaeontology, 
5 (1962), pp. 712-726, t. figs. 1-8 • 
Morphology and development of species 
of Marssonella and Pseudotextularlella 
from the Chalk of England. Palaeontology, 
6, pp.41-54, P1.7, t.flgs. 1-7. 
283 
1972. Aberrant genera of foraminifera from 
the Mesozoic (Sub-fami Iy Ramullninae 
Brady 1884). Rev. Esp. Micropaleontol. , 
4, no. 3, pp. 387-402. 
______ and BANNER, F. T. 1953. Arenaceous foraminifera 
from the Upper Cretaceous of England. 
Q. JI. geol. Soc. Lond., 109, pp.173-
216. 
BARR, F. T. 1962. 
1966. 
Upper Cretaceous planktonic foraminifera 
from the Isle of Wight, England. 
Pa laeontology, 4, pp. 552-580, Pis. 69-72. 
Upper Cretaceous foraminifera from 
the Ballydeenlea Chalk, County Kerry. 
Palaeontology, 9, pp. 492-520, Pis. 
77-79. 
______ and CORDEY, W. G. 1964. Some Upper Cretaceous 
Foraminifera from the Chapman Collection 
(1892). J. Paleontol.,38, pp.306-310, 
BARROIS, C. 1875. 
PL. 49. 
D~scrlption geologique de la Craie de 
Pile de Wight. Annis. Sci. geol. Paris, 
Art. no. 2., pp. 1-30. 
1876. Rech~rches sur Ie terrain Cretace 
superieur de L'Angleterre et de LlJrlande. 
M~m Soc. geol. N., 1, pp. 2-232. 
BARTENSTEIN, H. BETTENSTAEDT, F. and BOLLI, H.M. 1966. 
Die Foraminiferen der Unterkrelde von 
Trinidad, B. W. I.: Maridale Formation 
(Typlokalitat). Eclog. geol. Helv. ,59, 
pp. 129-178. 
BE, A, and TOLDERLUND, D. S. 1971. Distribution and ecology 
BEISSEL, J. 1891. 
of I iving planktonic foraminifera In the 
surface waters of the Atlantic and Indian 
Oceans. In: Micropalaeontology of the 
Oceans. (Editors, Funnel & Reidel) 
Cambridge University Press, pp. 105-
150, figs. 1-27,3 tables. 
Die Foramlniferen der Aachener Kreide. 
Abh. preuss. geol. Landesanst. , 
pp. 1-78, Pis. 1-16. 
284 
BELFORD, D. J. 1960 Upper Cretaceous Foraminifera from 
the Toolonga calcilutite and Glngin 
chalk, Western Australia. BUr. Miner. 
Res. Australia, Geol. Geoph., Bull., 
no. 57, p. 1-198,35 Pis., 14 t.figs. 
BERGER, W. H. and HEATH, G. R. 1968. Vertical mixing in pelagic 
sediments. J. mar. Res., 26, no. 2, 
pp. 134-143. 
BERGSTROM, 
NORLING, E. 
J., CHRISTENSEN, W. K. JOHANSSON, C. and 
1973. An extension of Upper Cretaceous rocks 
to the Swedish west coast at Sardal. 
Bu II. geol. Soc. Denm., 22, pt. 2, 
pp. 84-154. 
BERRY, W. and KELLEY, L. 1929. The Foraminifera of the 
BLACK, M. 1953. 
1965. 
Ripley Formation of Coon Creek, _ 
Tennessee. Bull. U. S. natn. Mus. ,76., 
art. 19, pp.1-17, Pis. 1-3. 
The constitution of the Chalk. Proc. 
geol. Soc. Lond.,No. 1499, pp.81-86. 
Coccoliths. Endeavour. ,XXIV, no. 93, 
pp. 131-137. 
and BARNES, B. 1959. The structure of Coccoliths 
from the English Chalk. Geol. Mag., 96, 
pp. 321-328. 
BOLLI, H. M. 1944 
1951. 
1957. 
Zur Stratigraphie der Oberen Kreide 
in dem hoheren helvetischen Decken. 
Eclog. geol. Helv. , 37, pp. 217-328. 
The genus Globotruncana in Trinidad, 
B. W. I •• J. Paleontol., 25,pp. 187-199. 
The genera Praeglobotruncana, 
285 
Rotallpora, Globotruncana and Abathomphalus 
in the Upper Cretaceous of Trinidad, 
1959. 
B.W.I •• Bull. U.S. natn. Mus., 215, 
pp. 51-60. Pis. 12-14.-
Planktonic foraminifera as index fossils 
in Trinidad, West Indies and their value 
for world wide stratigraphic correlation. 
Eclog. geol. Helv., 52, no. 2, pp. 627-
637. 
______ , LOEBLICH, A. R. and TAPPAN, H. 1957. 
BOWEN, R. 1961. 
BRISTOW, H. W. 1862. 
BROMLEY, R. G. 1965. 
1967. 
196a 
BRONN, H. G. 1 853. 
Planktonic foraminiferal families 
Hantkenindae, Orbulinidae, 
Globorotalinidae and Globotruncanidae. 
Bull. U. S. natn. M.Js., 215, pp.3-50. 
Pis. 1-11, 9 figs. 
Palaeotemperature analyses of 
Mesozoic Belemnoidea from Germany. 
and Poland • .J. Geol., 69, pp. 25-83. 
The geolo!:iy of the Isle of Wight. ~ 
geol. Surv. U. K. 
Studies in the I ithol ogy and condi tions 
of sedimentation of the Chalk Rock and 
comparable horizons. Un blished Thesis 
of the Universit of London Ald. 
Some observations on burrows of 
thalassinoidean Crustacea in chalk 
hardgrounds. O . .JI. geol. Soc. Lond. , 
123, pp. 157-182, Pis. 7-11. 
Burrows and borings in hardgrounds. 
Meddr dansk geol. Foren., 18 pp.248-
250. 
Lethaea Geognostica; vierte Periode; 
Kreide Gebirge (bearbeitet von H. G. 
Bronn und F. Roemer). 
BRONNIMANN, P. and BROWN, N. K • .Jnr. 1956. Taxonomy of the 
Globotruncanidae. Eclog. geol. Helv.,. 
48, pp. 503-561. Pls.20-24, 24 figs. 
BROTZEN, F. 1934. 
_____ . 1934. 
1936. 
Vorlaufiger Bericht Ober eine 
Foraminiferenfauna aus der schwedischen 
Schreibkreide. Geol. Fbr. Stockh. Ftirh. , 
56, pp. 77-80. 
Foraminiferen aus dem Senon Pal~sti nas. 
Z. dt. Ver. Pal~stinas. (Leipzig), 57, 
no. 1, pp. 28-72, Pis. 1-4. 
Foraminiferen aus dem Schwedischen 
untersten Senon von Eriksdal in 
Schonen. Sver. geol. Unders. Afh. , 
Sere C., Arsbok 30, no. 3, pp. 1-206, 
Pis. 1-14, t. figs. 1-69. 
286 
1940. 
1942. 
1945. 
1948. 
BRYDONE, R. M. 1912. 
1913. 
• 
_____ 1914. 
BULLARD, F.J. 1953. 
BUTT, A. A. 1966. 
CARON, M. 1 966. 
CARSEY, D. O. 1926. 
I 
287 1 
FI intrannans och Trindelrannans geologi 
(Oresund). Sver. geol. Unders. Afh. , 
Sere C., Arsbok 34, no. 5, pp. 1-33, 
1 PI. 
Die Foraminiferengattung Gavelinella 
nov. gen. u die Systematik der Rotal i1formes. 
SVer. geol. Unders. Afh. , Sere C, 
Arsbok 36, no. 8. , pp. 1-59. 
Die geologiska resultaten frlm 
borringarna vid Hollviken: Prellminar 
rapport - Dell: Kriten. Sver. geol. 
Unders. Afh., Arsbok 38, no. 7, 
pp. 1-65, Pis. 1-4. 
The Swedish Paleocene and its foram-
iniferal fauna. Sver. geol. Unders. Afh. , 
SerC, Arsbok42, no.2, pp. 1-14~. 
The Stratigraphy of the Chalk of Hants. 
116 pp, Dulau Co. , London. 
The proposed recognition of two stages 
in the Upper Chalk. Geol. Mag., 50, pp. 56-
62, and 380-381 • 
The zone of Offaster pi lula in the south 
English Chalk. Geol. Mag., 51, pp. 359-
369, 405-411, 449-457, 509-513. 
Polymorphinidae of the Cretaceous Foram-
inifera (Cenomanian-Maastrichtian) of 
Trinidad, B. W. I •. Bull. Am. Paleontol., 
34, no. 140, pp.1-70 • 
. Foraminifera of the type Turonian. 
Micropaleontology, 12, no.2, pp.168-182, 
Pis, 1-4, figs. 1-5, tabls. 1,2. 
Globotruncanidae du cr~tac~ sup~rieur du 
synclinal de la Gruy~re. (Pr~alpes 
m~dianes, Suisse). Revue Micropaeont .• 
9, no.2, pp. 68-93,6 Pis., 6 figs. 
Foraminifera of the Cretaceous of 
central Texas. Univ. Tex. Bull., no. 2612, 
pp.1-56. 
CARTER, D. J. and HART, M. B. 1977. (in press A). Micropalaeontological 
investigations for the site of the Thames 
Barrier, London Q. JI. Engng. geol. Lond., 
10, pt. 3, pp.321-338, 4 figs. 
288 
_____ , and • 1977. (in press B). Aspects of mid-Cretaceous 
stratigraphical micropalaeontology. Bull. 
Br. Mus. nat. Hist. (Geol.), 29, no.l, 
pp. 1-135, 53 figs. 4 pis. 
CASEY, R. DILLEY, F.C., HANCOCK, J.M., KENNEDY, W.J., 
NEALE, J. W. , RAWSON, P. F. , WOOD, C. J. and WORSSAM B. D. 
(in press), A correlation of the Cretaceous 
Rocks of the British Isles. Geological 
Society, London. 
CHAPMAN, F. 1892. Microzoa from the Phosphatic Chalk of 
Taplow. Q. JI. geol. Soc. Lond., 48, 
pp. 514-518, PI. 15. 
______ • 1894. 
______ • 1917. 
Note on some microscopic fossils from the 
Chalk of Swanscombe. Proc. Geol. Assoc. 
13, pp. 369-370. 
Monograph of the Foraminifera and 
Ostracoda of the Gingin Chalk. Bull. geol. 
Surv. West. Aust., no. 72, pp.1-81, 
Pis. 1-14. 
CITA-SIRONI, M. B. 1964. Le genre Stensioina dans Ie Cretace 
superieur italien. Eclog. geol. Helv., 
59, no. 1, pp. 247-257. 
CIVIRIEUX, J. M. S. de 1952. Estudio de la microfauna de la seccion 
tipo del miembro Soury de la formacion 
Colon, Distrito Mara, Estado Zulla. 
Boln. Geol. Dir. Geol., Venezuela, 2, 
pp. 231-310. 
CLARKE, R. F. A. and VERDIER, J. P. 1967. An investigation of 
microplankton assemblages from the 
Chalk of the Isle of Wight, England. 
Verh. K. ned. Akad. Wet., 24, no. 3, 
pp. 1-94. 
COLBEAUX, J. P. , DEBRABANT, P. , LEPLAT, J. , and 
ROBASZYNSKI, F. 1975. Les craies de Sainghin-en-Melantois 
(Nord): faunes du passage turono-
coniacien, tectonique cisaillante, 
physico-chimie. Annis. Soc. geol. N. , 
COQUAND, H. 1856. 
95, pp. 17-35, 1. PI. 
Sur la formation cretace du department 
de la Charente. Bull. Soc. geol. Fr., 
Sere 2, 14, pp. 55-98. 
1858. 
CUSHMA.N, J. A. 1926. 
1927. 
1927. 
1931. 
1932. 
193~. 
1933. 
_____ • 1933. 
1934. 
1936. 
Description physique, g~ologique, 
paleontologique et mineralogique du 
department de la Charente. Tome I. 
Besan4jon. 
The Foraminifera of the Velasco Shale 
of the Tampico embayment. Bull. Am 
Ass. Petrol. Geol., 10, pp. 581-612. 
Eouvigerina, a new genus from the 
Cretaceous.Contr. Cushman. Lab. 
foramin. Res. , 2, pt. 1, pp. 3-6, PI. 1, 
figs. 1,2. 
American Upper Cretaceous species of 
Bolivina and related species. Contr. 
Cushman Lab. foramin. Res., 2, pt.4, 
pp. 85-91, Pis. 11, 12. 
Cretaceous foraminifera from Antigua, 
B. W. I •• Contr. Cushman Lab. foramin. 
~, 7, pp. 33-45, Pls.5,6. 
Textularia and related forms from the 
Cretaceous. Contr. Cushman Lab. foramin. 
Res., 8, pp. 86-97, PI. 11, 
The Foraminifera of the Annona chalk. 
J. Paleontal., 6, pp.330-345, Pis. 50-
51. 
Some new foraminiferal genera. Contr. 
Cushman Lab. foramin. Res. , 9, pp.32-
38, Pis. 3,4. 
Relationships and geologic distribution 
of the genera of the Valvul inidae. Contr. 
Cushman Lab. foramin. Res., 9, pt. 2, 
pp.38-44. 
The Generic position of "Cornuspira 
cretacea Reuss". Contr. Cushman Lab. 
foramin. Res., 10, pt.2, pp.44-47. 
New genera and species of the families 
Verneuilinidae and Valvulinidae and of 
the subfamily Virgul ininae. Contr. 
Cushman Lab. foramin. Res., Spec. 
Pub. I., 6, pp. 1-71, Pis. 1-8. 
289 
1937. 
1938. 
1938. 
1940. 
1941. 
1944. 
1946. 
_______ • 1949. 
A monograph of the foraminiferal family 
Valvulinidae. Contr. Cushman Lab. foram. 
Res. , Spec. Publ., no.8, pp. 1-210. 
Cretaceous species of GOmbelina and related 
genera. Contr. Cushman Lab. foramin. Res., 
14, pt. 1, pp.2-28, Pis. 1-4. 
Additional new species of American 
Cretaceous foraminifera. Contr. Cushman 
Lab. foramin. Res., 14, pt. 2, pp. 31-50, 
4 Pis. 
American Upper Cretaceous Foraminifera 
of the genera Dentalina and Nodosaria. 
Contr. Cushman Lab. foramin. Res. , 16, 
pt.4, pp.75-96. 
American Upper Cretaceous Foraminifera 
belonging to Robulus and related genera. 
Contr. Cushman Lab. foramin. Res., 17, 
pt. 3, pp. 55-70. 
Additional notes on Foraminifera in the 
collection of Ehrenberg. J. Wash. Acad. 
2£l:.., 34, pp. 157-158. 
Upper Cretaceous Foraminifera 'of the 
Gulf Coastal region of the United States 
and adjacent areas. Prof. Pap. U. S. 
geol. Surv., 206, pp. 1-241, 66 Pis. 
The foraminiferal fauna of the Upper 
Cretaceous Arkadelphia Marl of Arkansas. 
Bull. U.S. Geol. Surv., 221 A, pp.1-19, 
4 Pis. 
_______ , and CHURCH, C.C. 1929. Some Upper Cretaceous 
Foraminifera from near Coalinga,Californla. 
Proc. Calif. Acad. Sci. Sere 4, 18, 
pp. 497-530, Pis. 35-41. 
u DAM A. TEN, 1948. Globlgerinelloides, a new 
genus of the Globigerinidae. Contr. Cushman 
Lab. foramin. Res. , 24, pt. 2, pp. 42-43, 
PI.8. figs. 4-6. 
______ , and DEADERICK, W. H. 1944. Cretaceous Foraminifera 
from the Marlbrook Marl of Arkansas. 
J. Paleontol., 18, pp. 328-42~ 
_____ , and DORSEY, A. L. 1940. The genus Stensioina and its 
species. Contr. Cushman Lab. foramin 
Res., 16, pt.l, pp. 1-6. 
290 
_____ , and GaJDKOFF, P. P 1944. Some Foraminifera of 
the Upper Cretaceous of Cal ifornia. 
Contr. Cushman Lab. foramin. Res., 
20, pp. 53-64, Pis. 9,10. 
_____ ,and HEDBER~, H. O. 1941. Upper Cretaceous Foraminifera 
from Santander del Norte, Colombia. 
S. A. Contr. Cushman Lab. foramin. 
~, 17, pp.79-100, Pis. 21-23, 
1 fig. 
_____ , and JARVIS, P. W. 1932. Upper Cretaceous Foraminifera 
from Trinidad. Bull. U. S. natn. M.Js., 
80, articlel4, pp. 1-60, Pis. 1-16. 
_____ , and OZAWA, Y. 1930. A monograph of the foraminiferal 
family Polymorphinidae, Recent and 
fossil. Bull. U.S. natn. M.Js.,77, 
_____ , and PARKER, 
pp.l - 195, Pis. 40. 
L. F. 1934. Notes on some of the earlier 
species originally described as Bulimina. 
Contr. Cushman Lab. foramin. Res. , 
10, pp. 27-36, 2Pls. 
, and _____ -: 1947. Bulimina and related.foram-
----- i;'iferal genera. Prof. Pap. U. S. Geol. 
Surv. , 210, pp.55-176, Pis. 15-30. 
CUVILLIER, J. and SZAKALL, V. 1949. Foraminlferes d'Aquitaine. 
DALBIEZ, F. 1955. 
DAM, A. TEN. 1950. 
DANIELL, J.F. 1818. 
DIENER, I. 1967. 
DOUGLAS, R. G. 1969. 
Premiere partie, Reophacidae a Nonionidae. 
Toulouse, Imp. F. Boisseau. 
The genus Globotruncana in Tunisia. 
Micropaleontology,l, no.2, pp.161-171. 
Les ForaminifE!res de l'Albien des Pays-
Bas. M~m. Soc. geol. Fr., no. 63, pp. 1-
64. 
On the strata of a remarkable chalk 
formation in the vicinity of Brighton. 
J. Sci., 4. 
Zur Palaogeographle der Oberkreide Nordost 
Deutschlands •. Ber. dt. Ges. geol. Wiss. 
Sere A, 12, pp. 493-509. 
Upper Cretaceous planktonic foraminifera 
in northern California. pt. 1 - Systematics. 
Micropaleontology, 15, no.2, pp.151-209. 
291 
_______ , and RANKIN,- C. 1969. Cretaceous planktonic foram-
inifera from Bornholm and their zoogeographic 
significance. Letha ia, 2, pp. 185-217. 
EDGELL, H. S. 1957. The genus Globotruncana in Northwest Austral ia. 
Micropaleontology, 3, no.2, pp.l01-126. 
EGGER, J. G. 1899. Foraminiferen und Ostracoden aus dem 
Kreidemergeln der oberbayeriscen Alpen. 
Abh. bayer. Akad. Wiss., 21, pp. 1-230. 
Pis. 1-27. 
EHRENBERG, C. G. 1840. Ober die Bildung der Kreidefelsen und 
des Kreidemergels durch unsichtbare Organlsmen. 
Abh. preuss. Akad. Wiss., pp. 59-147, Pis. 1-4. 
_-_____ , 1854. Mikrogeologie, 374, pp. Pis. 1-40, Leipzig. 
EICHENBERG, W. 1935. Foraminiferen aus dem Apt von Wenden am 
Mittellandkanal. Jber. neidersachs. geol. 
~, 27, pp. 1-40. 
EICHWALD, E. 1865. Lethaea Rossica ou Paleontologie de la 
ELEY, H. 1859. 
Russie; Premier section de la periode moyenne. 
Stuttgart, E Schweizerbart. vol. 2, pp. III -
XXV, 1-640, Pis. 1-40. 
Geology in the Garden; or the FossHs in the 
Flint Pebbles. 122, pp. Pis. 1-12. London. 
EVANS, C. 1870. Some sections of the Chalk between Croydon 
and Oxted. Proc. Geol. Assoc. Separate 
papers. 
ERNST, G. 1963. Stratigraphische und gesteinschemische 
Untersuchungen im Santon und Campan von 
Lagerdorf (S W Holstein). Mitt. geol. 
Staatinst. Hamburg. 32, pp. 71-127. 
_______ , 1966. Fauna, Okologie und Stratigraphie der 
mittelsantonen Schreibkreide von Lagerdorf 
(S W Holstein). Mitt. geol. Staatinst. 
Hamburg, 35, pp. 115-145. 
1970. The stratigraphic value of Echinoids in the 
Boreal Upper Cretaceous. Newsl. Stratlgr' t 
1, pp. 19-34, fig. 1, tab. 1-4. 
______ , and SCHULZ, M. G. 1974. Stratigraphie und Fauna des 
Coniac und Santon im Schrelbkreide -Rlchtprofil 
von Lagerdorf (Holstein). Mitt. Geol. -
Palaont. Inst. Univ. Hamburg. t 43, pp.5-60. 
292 
FINCH, E. M. 1974. 
FINLAY, H.J. 1939. 
An improved method of mounting palaeontological 
specimens for S. E. M. examination. Palaeon-
tology. 17, pt.2, p .431. 
New Zealand Foraminifera; key species in 
stratigraphy. Trans. R. Soc. N. Z. , 69, 
·pt.3, pp. 309-329, Pis. 11-14. 
FITTON, W. H. 1824. Notes on parts of the opposite coasts of the 
English Channel. Ann. Phil., Ser.2, 8, 
p.67. 
1836. Observations on some of the strata between 
the Chalk and the Oxford 001 ite in the south 
east of England. Trans. geol. Soc. Lond. , 
Sere 2, 4, p. 103. 
FLEXER, A. and STARINSKY, A. 1970. Correlation between 
phosphate content and the foraminiferal 
plankton/benthos ratio in chalks (Late 
Cretaceous, Northern Israel): Palaeo-
environmental significance. Sedimentology. 
14, pp. 245-258. 
FRANKE, A. 1 914. 
____ , 1925. 
____ , 1928. 
____ , 1928. 
Die Foraminiferen der Kreideformation des 
Munsterchen Beckens. Z. dt. geol. Ges. ,66, 
pp. 428 - 443, 27 PIs. 
Die Foraminlferen der pommerschen Kreide. 
Abh. geol - palaeont. Inst. Greifswald. 4, 
pp. 1-96, Pis. 1-8. 
Die Foraminiferen der Aachener Kreide. 
Jb. preuss. geol. Landesanst. BergAkad. 
40, pp. 667 -698. 
Die Foramlniferen der Oberen Kreide Nord -
und Mittedeutschlands. Abh. preuss. geol. 
Landesans t. , 3, pp. 1-207, PI s 1-1 8. 
FRIZZELL, D. L. 1943. Upper Cretaceous foraminifera from North-
western Peru. J. Paleontol., 17, no.4, 
1954. 
pp. 331-353, Pis. 55-57. 
Handbook of Cretaceous Foraminifera of 
Texas. PubIs. Bur. econ. Geol Univ. Tex., 
22~ pp. 1-232, 21 Pis. 
293 
GANDOLFI, R. 1942. Richerche micropaleontologiche e strati-
grafiche sulla Scaglia e sud Flysch 
Cretacici dei dintorni di Balerna (Canton 
Ticino). Riv. ital. Paleont., 48 (4), pp. 1-
160. 
_____ , 1955. The genus Globotruncana in northeastern 
Colombia. Bull. Am. Paleont., 36, pp. 1-
188. 
GASTER, C. T.A. 1924 The Chalk of the Worthing District, Sussex. 
______ , 1937. 
______ , 1939. 
Proc. Geol. Assoc., 35, pp. 89-110. 
Stratigraphy of the chalk of Sussex, I. 
The west-central area. Proc. Geol. Assoc. , 
48. pp. 356-373. 
The stratigraphy of the Chalk of Sussex. II. 
Eastern area - Seaford to Cuckmere Valley 
and Eastbourne, with zonal map. Proc. Geol. 
Assoc. ! 50, pp. 510-526. 
1944. The stratigraphy of the Chalk of Sussex, III. 
The western area, Arun Gap to the Hampshire 
boundary, with zonal map. Proc. Geol. Assoc., 
55, pp. 153-1 88. 
GAWOR-BIEDOWA, E, 1969. The genus Arenobullmina Cushman 
from the Upper Albian and Cenomanian of 
the Polish lowlands. Roczn. pol. Tow. geol., 
39, pp. 73-102. 
and WITWICKA, E. 1960. Micropalaeontological 
stratigraphy of upper Albian and Upper 
Cretaceous, excluding the Carpathians. 
Kwart. geol., 4, pt.4, pp. 974-990. 
GIGNOUX, M. 1928. 
GOEL, R. K. 1965. 
Geologie Stratigraphique. 334, pp. Masson 
U Cie, Paris. 
Contribution a II~tude des Foraminlf~res du 
Cretace superieur de la Basse-Seine. Bull. 
Bur. Rech. geol. min. Paris., No.5, pp. 49-
155, 11 pis. 
GRAHAM, J. J. and CHURCH, C. C. 1963. Campanian Foraminifera 
from the Stanford University campus, 
California. Stanf. Univ. Pubis. (Geol. ScI), 
8, no. 1, pp. 1-90, 8 Pis. 
294 
GRIMSDALE, T. F. and MORKHOVEN, F. P.C. van. 1955. 
The ratio between pelagic and benthonic 
foraminifera as a means of estimating depths 
of deposition of sedimentary rocks. World 
Petroleum Congo ,4th, Proc. , Sect. 1/0, 
pp. 473-491. 
GROSSOUVRE, A. de. 1914. Sur quelques episodes de I'histoire 
des temps Senoniens. Bull. Soc. geol. Fr., 
4, pp. 232-340. 
GRZYBOWSKI, '-'. 1896. Otwornice czerwonych ilow z Wadowic. 
Rozpr. Akad. Umiejet., Sere 2, 10, pp.261-
308, Pis. 8-11. 
HAGENOW, V. 1842. Monographie der ROgenschen Kreide -
Versteinerungen pt. Mollusken E. 
Cephalopoda Foraminifera. Neues '-'b. 
Miner. Geogn. Geol. Petrefakt •• 9, pp.568-
575. 
HAGN, H. 1953. Die foraminiferen der Pinswager Schicten 
(unteres Obercampan) ein Beitrag .zur 
Mikropalaontologie der helvetischen Oberkreide 
Sudbayerns. Palaeontographica, 104 (A), 
pp. 1-119, 8 Pis. 
and ZEIL, W. 1954. Globotruncanen aus dem OberCenoman 
und Unter-Turon der Bayerischen Alpen. 
Eclog. geol. Helv. , 47, no. 1, pp. 1-60, 
Pis 1-7. 
HAKANSSON, E.R.,BROMLEY, R.G. and PERCH-NIELSEN, K. 
1974. Maastrichtian chalk of north-west 
Europe - a pelagic shelf sediment. In: 
Pelagic Sediments: on land and under the 
sea. (Edi tors, HsQ, K.and '-'enkyns, H. C. ), 
Int. Ass. Sediment.! Spec. Publ., 1, pp. 211-
233. 
HANCOCK, '-'. M. 1961. The Cretaceous System in Northern Ireland. 
Q.'-'. Geol. Soc. Lond., 117, pp. 11-36. 
1976. The petrology of the Chalk. Proc. Geol. 
Assoc. , 86, pt. 4, (1975), pp. 499-535. 
_____ , and KENNEDY, W. '-'. 1967. Photographs of hard and 
soft chalks taken with a scanning electron 
microscope. Proc. Geol. Soc. Lond., 
no. 1643, pp.249-252. 
295 
) 
______ , and SCHOLLE, P. 1975. Chalk of the North Sea. 
In: Petroleum and the Continental Shelf 
of Northwest Europe. 1. Geology. (Editor, 
Woodland, A. W. ) Applied Science 
Publ ishers, London, pp. 413-427. 
HANZLIKOVA,' E. 1972. Carpathian Upper Cretaceous Foram-
iniferida of Moravia. (Turonian-Maastrichtian). 
Rozpravy Ustredniho ustavu geologickeho, 
Prague, 39, pp. 1-160, 40 Pis. 5t.figs. 
HARRIS, R. W. and McNUL TY, C. L. Jnr. 1957. Notes concerning 
a Senonian Vc.lvulinerian. J. Paleontol., 
30, no. 4, pp. 065-868. 
HART, M. B. 1970. 
1973. 
_-_________ , 1976. 
The distribution of the Foraminiferida In 
the Albian and Cenomanian of S. W. England. 
1:Efi4bl ished Thesis of University of London 
Phd. ) 
A correlation of the macrofaunal and micro-
faunal zonations of the Gault Clay in south-
east England. In: The Boreal Lower 
Cretaceous (Editors. Casey, R. and Rawson, 
P. F.) Geol. JI. Spec. Issue,S, pp. 267-
288. 
The mid - Cretaceous succession of Orphan 
Knoll (northwest Atlantic): micropalaeontology 
and palaeo-oceanographic Implications. Can. 
J. Earth Sci., 13, pp. 1411-1421. 
______ , and CARTER, D. J. 1975. Some observations on 
the Cretaceous Foraminiferida of south-
east England. J. Foramfner. Res., 5, 
pp. 114-1 26. 
________ , and TARLING, D. H. 1974. Cenomanian palaeo-
geography in the North Atlantic and possible 
mid-Cenomanian eustatic movements and their 
implications. Palaeogeog. Palaeoclimatol. 
Palaeoecol. 15, pp. 65-108. 
HEBERT, E. 1963. Note sur la craie blanche et la craie 
marneuse dans Ie Bassin de Paris et sur 
Ie division de ce dernlere litage en quatre 
assize. Bu". Soc. g~ol. Fr., 20, pp. 605-
633. 
f f 
1866. 
________ , 1872. 
1874. 
1875. 
HERM, D. 1962. 
De la craie dans Ie nord du Bassin de 
Paris. C. r. hebd, Seance Acad. Sci., 
Paris., 62, p. 1404, 63, p.308. 
Ondulations de la craie dans Ie Bassin de 
Paris. Bull. Soc. geol. Fr., 29, pp.446-
472, 583-594. 
Comparaison de la craie des cates 
d'Angleterre avec celie de France. Bull. 
Soc. geol. Fr., Sere 3, 2, pp. 416-=--
428. 
Ondulations de la craie dans la Bassin de 
Paris. Bull. Soc. geol. Fr., Sere 3, 
pp. 512-546. 
Stratigraphische und mikropalaontologische 
Unter sushungen del'" Oberkrelde im 
Lattengebirge und 1m Nierental. Abh. bayer. 
Akad. Wiss., no. 104. 
HERON-ALLEN, E. and EARLAND, A. 1910. On the Recent and fossil 
Foraminifera of the shore-sands of 
HIL TERMANN, H. 1952. 
Selsey Bi II, Sussex, Part V. The 
Cretaceous Foraminifera. JI. R. mlcrosc. 
Soc., pp. 401-426, Pis. 6-11. 
Stratigraphische Fragen des Campan und 
Maastricht unter besonderer BerQcksichtigung 
del'" Mikropalaontologie. Geol. Jb., 67 (1953) 
pp. 47-66. 
_________ , and KOCH, W. 1956. Mikropalaontologische 
Feinhorizontierung von Santon-Profilen 
durch das Erzlager Lengede-Broistedt. 
Palaeont. Z., 30, pp •. 33-44, Pis. 1-3. 
________ , and ____ 1960. Oberkreide- Biostratigraphie 
~ittels Foraminiferen. Int. Geol. Congr. , 
Rept. , 21 st. session, pt. VI, Proc. Int. 
Pal. Union, Copenhagen, pp. 69-76. 
297 ~ 
________ , and ____ 1962. Oberkreide des nordlichen Mitteleuropa 
I;': Leitfossi I ien del'" Mikropalaontologie pp.299-
338, 10, Pis., 1 fig., 1 tab., Berlin, 
Borntraeger. 
HINTE, J. E. van. 1963. 
1965. 
Zur stratigraphie und Mikropalaeontologie 
del'" Oberkreide und des Eozaens des 
Krappfeldes (Kaernten). Jb. geol. 
Bundesanst. Wien., 8, 147 pp., 22 Pis. 
The type Campanian and its planktonic 
foraminifera. Proc. K. ned. Akad. Wet., 
68, pp. 8-28. 
____________ , 1969. 
1972. 
1976. 
HOFKER, J. 1 951. 
1956. 
1957. 
1957. 
A Globotruncana zonation of the Senonian 
subseries. Proc. 1 st. intern. Conf. on 
plankt. microfossils, Geneva 1967 (Editor, 
Brill, E.J.) 2, pp. 257-266, 3 figs. 
The Cretaceous time-scale and planktonic 
foraminiferal zones. Proc. K. ned. Akad. 
Wet., 75, pt. 1, pp. 1-8. 
A Cretaceous time scale. 
Bull. Am. Assoc. Pet. Geol.,60, 
pp. 498-51 6. 
The tooth-plate Foraminifera. 
Archs. neerl. Zool., 8, pt.4, pp.353-372, 
figs. 1-30. 
Die Globotruncanen von Nordwest -
Deutschland und Holland. Neues Jb. Geol. 
PaHiont. Abh., 103, no.3, pp. 312-340. 
t. figs. 1-26. 
Foraminifera from the Cretaceous of southern 
Limburg, Netherlands. XXV. Some more 
planktonic Foraminifera from the lower Md in 
the quarry, Curfs Houthem. Natuurh. Maa ndbl., 
46, no. 5-6, pp. 57-58, 1 PI. 
Foraminiferen der Oberkrelde von 
Nordwestdeutschland und Holland. Beih.geol. 
Jb. , no. 27, pp. 1-464, t. figs. 1-495. 
IRVING, E. , NORTH, F. K. , and COUILLARD, R. 1974. 
JANET, C. 1891. 
JANNIN, F. 1967. 
JEANS, C. V. 1967. 
Oi I, climate, and tectonics. Can. J. Earth 
Sci, 11, pp. 1 -1 7. 
Note sur les conditions dans lesquelles s'est 
effectue Ie d~pOt de la Craie dans Ie Bassin 
Anglo-Parisien. Bull. Soc. g~ol. Fr., Ser.3, 
19, pp. 903-913. 
Les "Valvulineria" de I'Albien de JlAube. 
Revue Mlcropaleont., 10, no.3, pp.153-178. 
The origin of the montmori lIonite of the 
European Chalk, with special reference to 
the Lower Chalk of England. Clay Miner. , 
7, pp.311-329. 
298 i 
f , 
, 
I. 
i 
i 
,u 
JEFFERIES, R. P. S. 
_____ , 1963. 
JERZYKIEWICZ, T. 
JIROVA, D. 1956. 
_____ , 1958. 
JONES, T. R. 1872. 
1882. 
1962. The palaeoecology of the Actinocamax 
plenus. Subzone (lowest Turonian) in the 
Anglo-Paris Basin. Palaeontology, 4 (1961), 
pt.4, pp.609-647. pis. 77-79. 
The stratigraphy of the Actinocamax plenus 
. Subzone (Lowest Turonian) In the Anglo-
Paris Basin. Proc. Geol. Assoc. , 74, 
pp. 1-35. 
1967. Significance of the cross bedding for 
the palaeogeography of the Upper Cretaceous 
sedimentary basin of Northern Bohemia, 
Saxony and the Sudetes. Bull. Acad. pol. Sci. 
Sere Sci. g~ol. g~ogr., 15, pp.71-77. 
Rod Globotruncana ve vy§~rm Turon a 
Emsern Ceske Kridy. (The genus Globotruncana 
in the Upper Turonian and Emscherian of 
Bohemia) Univ. carol. Geologica, 2, no. 3, 
pp. 239-255, 3 PI s. 
Die gattung Stensioina aus dem Con lac der 
tschechischen Kreide. Acta Univ. Carol., 
Geologica, 3, pp. 221-230, PLI. 
Notes on Eley1s Foraminifera from the English 
Chalk. Geol. Mag., 9, pp. 123-126. 
Catalogue of the fossil foraminifera. London, 
Brit. Mus. (Nat. Hist.) pp.1-100. 
_____ , and PARKER, W. K. 1872. On the Foraminifera of the 
Fami Iy Rotal inae (Carpanter) found In the 
Cretaceous Formations; with Notes on their 
Tertiary and Recent representatives. Q. JI. 
geol. Soc. Lond. , 28, pp. 103-131. 
JUKES-BROWNE, A. J. , and HILL, W. 1889. The occurrence of 
colloidal si I ica in the Lower Chalk of 
Berkshire and Wiltshlre.C.JI. geol. Soc. 
Lond. , 45, pp.403-421. 
______ , and ______ , 1904. The Cretaceous rocks of 
KARRER, F. 1870. 
Britain. Vol.3: The Upper Chalk. Mem. 
geol. Surv. U. K. , pp. 1-566. 
Ueber eln neues Vorkommen von oberer 
Kreideformatlon In Leltzersdorf bei Stockerau 
und deren Foramlniferen - fauna. "'b. K-K. 
Reichsanst. , Wien, 20, pp. 157-184, Pis. lO-
11, 2 figs. 
299 
\, 
" 
I 
t 
I· I; 
I 
III II~' il. 
I,. 
II 
11· I, 
I 
" I 
\ 
'I 
! 
• I 
I 
.l! 
KELLER, B. M. 1935. Mikrofauna verchnego mela Dneprovsko-
Daneckoj vpadiny i nekotorych drugich 
sopredel 'nyx oblastej. Byull. Mosk. 
Obsch. Ispyt. Prir., 18, pp. 522-558, 
___________ , 1946. 
3 Pis. , 3 tabl. 
Foraminifery verkhnemelovykh otlozhenig 
Sochinskogo rayona. Byull. Mosk.Obsch. 
Ispyt. Prir., 51, Otdel. Geol., 21, no.3, 
pp. 83-108, Pis. 1-3. 
KENNEDY, W. J. 1969. The correlation of the Lower Chalk of south 
east England. Proc. Geol. Assoc., 80, 
_______ , 1 970. 
pp. 459-560. 
A correlation of the Uppermost Albian and 
the Cenomanian of southwest England. Proc. 
Geol. Assoc. , 81, pp.613-677. -
______ and GARRISON, R. E. 1975a. Morphology and genesis 
of nodular chalks and hardgrounds in the 
Upper Cretaceous of southern England. 
Sedimentology. 22, pp.311-386. 
and , 1975b. Morphology and genesis of 
-----n-o~d:-u":"la-r- phosphates in the Cenomanian 
Glauconitic Marl of south east England. 
Lethaia. 8, pp. 339-360. 
_________ and ~IGNET, P. 1974. Carbonate banks and slump 
beds in the Upper Cretaceous (Upper 
Turonian-Santonian) of Haute Normandie, 
France. Sedimentology. 21, pp. 1-42. 
KENT, P. E. 1975. The tectonic development of Great Britain 
and the surrounding seas • .!.!:l: Petroleum 
and the Continental Shelf of Northwest 
Europe. I. Geology. (Editor, Woodland,A. W.) 
Appl led Science AJblishers, London, pp. 3-28. 
KLASZ, I de and KNIPSCHEER, H.C. G. 1955. Die foraminiferenart 
Reussella sza Inochae (Gryzbowski); ihre 
systematlsche und regionalstratigraphische 
Verbreitung. Geol. Jb., 69 (1954), pp. 
KLAUS, J. 1 960. 
599-61 0, 1 PI. 
La repartition stratigraphique des 
Globotruncanid~s au Turonien et au Coniacien. 
Eclog. geol. Helv., 53, no.2, pp. 694-704. 
300\ 
I. 
KOCH, W. 1973. Foraminiferen aus dem Santon der Gehrdener 
Berge. Ber. naturhist. Ges. Hannover. 117, 
pp. 195-214, 3 Pis. , 2 figs. 
LAMARCK, J.B.P.A.M. 1804, Memoires sur les Fossiles des 
environs de Paris. Annis. Mus. Hlst. nat. 
Paris, 5, pp. 179-188, 237-245,349-357. 
______ , 1806. Memoires sur les Fossiles des environs de 
Paris. Annis. Mus. Hist. nat. Paris, 9, 
pp. 236-240. 
LAPPARENT, J. de 1918. Etude lithologique des terrains cretac~s 
de la region d'Hendaye. M~m. Servo Carte 
geol. dEH. Fr., pp. 1-155, Pis. 1-10, t.figs. 
1-27. 
LEE, G. W. and BAILEY, E. B. 1925. The pre-Tertiary geology of 
Mull, Lochaline and Oban.Mem.Geol. Surv. 
Scotland. 
LEHMANN, R. 1962. Etude des Globotruncanides du CrEHace 
superieur de la Province de Tarfaya 
(Maroc occidental). Notes Servo geol. 
Maroc., 21, no. 156, PP.133-1.79, 12 Pis. 
1 fig. 
LOEBLICH, A.R. 1951. Coiling in the Heterohelicidae. Contr. 
Cushman Fdn. foramln. Res. , 2, pt. 3, 
pp. 106-111, PI. 12. 
______ ,and TAPPAN, H. 1955. A revision of some glanduline 
Nodosariidae (Foraminifera). Smithson misc. 
Collns., 126, no.3, pp. 1-9,1 PI. 
_____ ,and ____ -:--:-::- 1961. Cretaceous planktonic foram-
Inifera. pt. 1 - Cenomanian. Micropaleontology, 
-----, 
and 
7, pt. 3, pp. 257-304. . 
. 1961. The status of Hagenowella 
-----C-u-shman 1933 and a new genus Hagenowina. 
Proc. bioi. Soc. Wash., 74, pp. 241-244, 
1 PI. 
_____ ,and ______ 1964. Sarcodina, chiefly IIThecamoebians" 
a~d Foraminiferida. !!::l:Moore, R. C. (Editor), 
Treatise on Invertebrate Paleontology, 
PartC, Protista 2jvol. 1 pp. 1-510, figs. 
1-399: vol. 2 511-900 , figs. 400-653. 
301 
~ '+ 
:f' , , 
I. 
'I 
LOETTERLE, G. J. 1937. The micropaleontology' of the Niobrara 
formation in Kansas, Nabraska and South 
Dakota. Bull. geol. Surv. Neb., Ser.2, 
no. 12, 73 pp, 11 Pis. 
LOWENSTAM, H.A. and EPSTEIN, S. 1954. Palaeotemperatures of 
the post Aptian Cretaceous as determined 
by the oxygen isotope method. J. Geol., 
62, pp. 207-248. 
LUYENDYK, B. P. , FORSYTH, D., and PHILLIPS, J. D. 1972. 
Experimental approach to the palaeocirculation 
of the oceanic surface waters. Geol. Soc. 
Am.Bull., 8~, pp. 2649-2664, figs. 1-6. 
MACFADYEN, W. A. 1932. Foraminifera from some Late Pliocene 
Glacial Deposits of East Anglia. Geol. Mag., 
69, pp. 481-497, 2 pl. 
MALAPRIS, M. 1965. 
MANTELL, G. 1819. 
______________ • 1833. 
MARIE, P. 1937. 
1941. 
MARSSON, T. 1878. 
Les Gavelinellidae et formes affines du 
gisement albien du Courcelles (Aube). 
Revue Micropal~ont., 8, pp. 131-150, 
Pis. 1-5. 
A sketch of the geological structure of the 
south-eastern part of Sussex, Lewes. 
The geology of the south east of E('Igland. 
415 pp. , Longman t London. 
Deux niveaux distingu~s a I 'aide des 
Foraminiferes dans Ie Maestrichtien du 
Bassin de Paris. Bull. Soc. geol. Fr., 
Sere 5, pp. 257-270. 
Foraminiferes de la Craie: Les Foraminiferes 
de la Craie a Belemnltella mucronata du 
Bassin de Paris. Mem. Mus. natn. Hist. nat. 
Paris. New. Ser., 12, fasc. 1 t 193 pp. 
Foraminiferen'der weissen Schreibkreide 
von RUgen. Mitt. naturw. Ver. Neu-
Vorpomm. , pp. 115-196, Pis. 1-5. 
MONTANARO GALLITELLI, E. 1957. A revision of the foraminiferal 
family Heterohelicidae. Bull. U.S. natn. 
~, 215, pp. 133-154, Pis. 31-34. 
302 ~ 
MOORKENS, T. L. 1969. Quelques Globotruncanidae et Rotal iporidae 
du Cenomanien, Turonien et Coniacien de la 
Belgique. Proc. 1st. intern. Conf. on planktic 
microfossils, Geneva (Editor, Brill. E.J.) 
Leiden, 2, pp. 435-459, 3 Pis, 2 tabs. 
MORROW, A. L. 1934. Foraminifera and Ostracoda from the Upper 
Cretaceous of Kansas. J. Paleontol., 8, 
pp. 186-205, pis. 29-31. 
McGUGAN,A. 1957. Upper Cretaceous foraminifera from Northern 
Ireland. J. Paleontol., 31, pp. 329-348. 
NEUGEBAUER, J. 1973. The diagenatic problem of chalk: the role of 
pressure solution and pore fluid. Neues Jb. 
Geol. Palaont. Abh., 143, .no. 2, pp.223-245. 
1974. 
___________ , 1975. 
NILSSON, S. 1827. 
OLBERTZ, G. 1942. 
d'ORBIGNY, A. 1839. 
1839. 
___________ , 1840. 
OWEN, M. 1970. 
Some aspects of cementation in chalk: In: 
Pelagic sediments: on land and under the sea. 
(Edi tors, HSu, K. and Jenkyns, H. C.) Spec. 
Publ. into Ass. Sediment., 1, pp. 149-176. 
Foraminiferen - Diagenese in der Schreibkreide. 
Neues Jb. Geol. Palaont. Abh., 150, pt.2, 
pp. 182-206, 8 Pis. 
Petrifacta Suecana Formationis Cretae, 
Londini, §.2!!:l, pp. 7-8, Pis. II fJ IX. 
Untersuchungen zur Mikrostratlgraphie der 
Oberen Kreide Westfalens (Turon - Emscher -
Untersenon). Palaont. Z., 23, pp. 74-156, 
2 Pis., 1 fig. 
Voyage dans L 'Amerique Meridionale. Foram-
inif~res. Vol. 5, pt.5, pp. 1-86, Pis. 1-9. 
Foraminif'~res. In R. de la Sagra: Histoire 
Physique: politi~ et naturelle de L'Tle de 
Cuba. 224 pp. Pis. 1-16, Paris. 
M~moire sur les foraminiferes de la craie 
blanche du bassin de Paris. Mem. Soc. seol. 
Fr. , 4, no. 1, pp. 1-51, Pis. 1-4. 
Turonian Foraminiferida of Great Britain. 
Unpublished Thesis, University of London 
(Ph. D. ) 
PARKER, W. K. and JONES T. R. 1872. On the nomencla ture of the 
Foraminifera; Pt. 15, The species figured 
by Ehrenberg. Ann. Mag. nat. Hist. ,Sere 4, 
10, pp. 1 84-200. 
PEAKE, N. B. and HANCOCK, J. M. 1961. The Upper Cretaceous of 
Norfolk. Trans. Norfolk. Norwich Nat. Soc., 
19, p.293. 
______ and ____ ~, 1970. The Upper Cretaceous of Norfolk. 
In: The Geology of Norfolk. (Editors, 
Larwood, G. P. & Funnell, B. M.), Headly 
Bros. , London. 
PERNER, J. 1892. Foraminifery Ceskeho Cenomann. Palaeontogr. 
Bohem. , no. 1, pp. 1-65. 
PESSAGNO, E. A. Jnr. 1962. The Upper Cretaceous stratigraphy and 
micropalaeontology of south - central AJerto 
Rico. Micropaleontology. 8, no. 3. pp. 349-
368. pis. 1-6. 
1967. Upper Cretaceous planktonic foraminifera from 
the western Gulf Coastal Plain. Paleontogr. 
Am. , 5, no. 37, pp. 245-445. 
PETTERS, S. W. 1976. Upper Cretaceous subsurface stratigraphy 
of Atlantic Coastal Plain of New Jersey. 
Bull. Am. Assoc. Pet. Geol' t 60,no. 1 , 
pp. 87-107, 7 figs. 
PLUMMER, H.J. 1931. 
POKORNY, V. 1 958. 
Some Cretaceous Foraminifera in Texas. 
Univ. Tex. Bull., no. 3101, pp. 109-236, 
Pis. 8-15. 
Grundzuge de zoologischen Mikropalaont-
ologie. , 1, 582 pp. , 549t. figs. 
PORTHAULT, B. in DONZE,P., PORTHAUL T, B, THOMEL. G., 
and VALLOUTREY,D. de 1970. Le S~nonien inferieur de Puget -
Th~rniers (.Alpes - Maritimes) et sa 
microfaune. Geobios, no. 3. fasc.2. pp. 41-
106, fig. 1-4, pis. 8-13. 
_____ , 1974. Le Cretace Superieur de la "Fosse 
Vocontienne" et des regions Limrtrophes 
(France sub-Est). Micropaleontologie, 
Stratigraphie, Paleogeographie. Unpubl. 
TheSIS~ Unlv. Claude Bernard, Lyons. 
(D. Sc • 
304' 
POSTUMA, J. 1971. Manual of Planktonic foraminifera. 412 pp. 
Elsevier publ. , Amsterdam. 
POZARYSKA, K. 1954. The Upper Cretaceous index foraminifera 
from Central Poland. Acta. Geol. Pol., 
4, no. 2, pp. 249-276. (Conspectus, in 
~ngl ish: pp. 62-72). 
_______ • 1957. Lagenidae du Cretac~ 
RENZ, O. 1936. 
REUSS, A. E. 1844. 
_____ .1845/46 
______ • 1851. 
1854. 
1855. 
_________ .1860. 
______ .1862. 
______ .1863. 
______ .1866. 
superieur de Pologne. Palaeont. pol., no. 8, 
190 pp 27 Pis. 
Stratigraphische und mikropalaeontologische 
Untersuschung der Scaglia (Obere Kreide-
Tertiar) im zentralen Appennin. Eclog. geol. 
Helv., 29, no.l, pp. 1-149, Pis. 1-15. 
Geognostiche Skizzen aus Bohem.2, 304 pp. , 
3 Pis. , C. W. Medau, Prague. 
Die Versteinerungen der bohmischen 
Kreideformation. 1, (1845), pp. 1-58, Pis. 
I-XIV. 2, (1846), pp. 1-148, Pis. XV-LI, 
E. Schweizerbart, Stuttgart. 
Die Foraminiferen und Entomostracen des 
Kreidemergels von Lemberg. Haidingers 
Naturw. Abh., 4, pp. 17-52, Pis. II-VI. 
Beitr~ge zur Charakteristik der Kreideschicten 
in der Oestalpen besonders In Gashauthale, 
und am Wolfgangsee. Denkschr. K. Akad. Wiss. 
Wi en. , Math. Nat. KI., 7, pp. 1-156, Pls.1-31. 
Ein Beitrag zur genauren Kenntniss der 
Kreidegebilde Mecklenbergs. Z. dt. geol. Ges., 
7, pp. 261-292, Pis. 8-11. 
Die foraminiferen der Westphallschen 
Kreldeformation. Sber. Akad. Wiss. wren., 
40, pp. 147-238, Pis. 1-13. 
Palaeontologische Beltrage. Sber. Akad. 
Wlss. Wien, 44 (1861), pt. 1, pp. 301-342, 
Pis. 1-8. 
Die Foraminiferen des norddeutschen Hils 
und Gault. Sber. Akad. Wlss. Wlen, 46, 
pp. 5-100, Pis. 1-13. 
Die Foraminiferen und Ostracoden der Kreide 
am'Kanara - see. Sber. Akad. Wiss. Wien. , 
52 (t 865), pt. 1, pp. 445-470, 1 PI. 
305 
______ .1 874• 
ROWE, A. W. 1899. 
1900. 
1901. 
_______ 1903. 
1903. 
_______ .1 908• 
SAID, R. and KENAWY, 
Die Foraminiferen, Bryozoen und Ostracoden 
des Planers in Geinitz, H. B. Palaeontographica, 
20, pt.2, pp. 73-157. 
An analysis of the Genus Micraster as 
determined by rigid zonal collecting from the 
zone of Rhynchonella cuvierl to that of 
Micraster coranguinum. Q. J. Geol. Soc. Lond. , 
55, pp. 494-547. 
The Zones of the White Chalk of English Coast. 
I - Kent and Sussex. Proe. Geol. Ass., 16, 
pp. 289-368. 
The Zones of the White Chalk of the English 
Coast. II - Dorset. Proc. Geol. Ass. 17, 
pp. 1-76. 
The Zones of the White Chalk of the English 
Coast. III - Devon. Proc. Geol. Ass., 18, 
pp. 1-51. 
The Zones of the White Chalk of the English 
Coast. IV - Yorkshire. Proc. Geol. Ass., 
18, pp. 193-296. 
The Zone of the White Chalk of the Engl ish 
Coast. V - The Isle of Wight. Proc. Geol. 
Ass. , 20, pp. 209-352. 
A. 1956. Upper Cretaceous and Lower 
Tertiary Foraminifera from northern Sinai I 
Egypt. Micropaleontology, 2, pp. 105-173. 
6, figs. 7 pis. 
SALAJ, J. and SAMUEL, D. 1966. Foraminiferen der Westkarpaten -
Kreide. Geologicky Ustav. Dionyza Stura, 
Bratislava, 291, pp. 48 Pis., 18 figs. 
SANDIDGE, J. R. 1932. Foraminifera from the Ripley Formation of 
Western Alabama. J. Paleontol., 6, no.3, 
pp. 265-287. 
SCHEIBNEROVA, V. 
SCHIJFSMA, E. 1946 
1968. Globotruneana eoneavata (Brotzen) de 
la region de la Tethys. Revue Micropal~ont. , 
11, no. 1, pp. 45-50. 
The foraminifera from the Hervian (Campanian) 
of south Limburg. Meded. geol. Stleht., Sere 
C, 5, no. 7. 
I 
306~ 
i 
SCHOLLE, P.A. 1974. Diagenesis of Upper Cretaceous Chalks 
from England, Northern Ireland and the 
North Sea. In: Pelagic sediments: on land 
and under the sea. (Editors, HsQ, K and 
Jenkyns, H. C.) Spec. Publ. into Ass. 
Sediment., 1, pp. 177-210. 
SCHWAGER, C. 1878.' . Nota sur alcuni foramlniferi nuovi del tufa 
di Stretto presso Girgenti. Boll. R. Com. 
geol. Ital. 9. 
" SERONIE-VIVIEN, M. 1959. Les localites types du Senonien dans les 
1972. 
SLITER, W. V. 1968. 
SORBY, H. C. 1861. 
STORM, H. 1929. 
STRAHAN, A. 1891. 
_______ , 1896. 
TAKAYANAGI, Y. 1965. 
TAPPAN, H. 1940. 
environs de Cognac et de Barbezieux 
(Charente). Colloque sur Ie Cretace superieur 
francrais (DiJon, 1959) C. R. 84e Congr. Soc. 
Save Paris et Depts, pp. 579-589. 
Contribution a I~tude du Senonien en 
Aquitaine Septentrionale.Ses Stratotypes: 
Coniacien, Santonien, Campanien. In: 
ilLes stra totypes franc;aisll, vol. II. CNRS 
ed., Paris. These Scl. Bordeaux, 195 pp. , 
44 figs., Pis. 1-16, 3 tabls. 
Upper Cretaceous foraminifera from 
Southern California and Northwest Baja 
California, Mexico. Paleont. Contr. Univ. 
Kans., Sere no. 49, article 7, pp.1-141, 
24 Pis., 9 figs. 
On the organic origin of the so-called 
IIc rystalloids" of the Chalk. Ann. Mag. nat. 
Hist.,8, pp. 193-200. 
Zur Kenntnis der Foraminiferen fauna 1m 
Oberturon und Emscher der Bohmischen 
Kreideformatlon. Lotos. Prag. naturw. 
Zeitschr. , 77, pt. 3-4, pp. 39-62, t. 
figs. 1-14. 
On the phosphatic chalk with Belemnltella 
quadrata at Taplow Q. J. Geol. Soc. Lond. 
47, pp. 356-367. 
On the phosphatic chalk with Holaster planus 
at Lewes, with an appendix on Foraminifera 
and Ostracoda by F. Chapman. Q. J. Geol. 
Soc. Lond. , 52, pp. 462-473. 
Upper Cretaceous planktonic foraminifera 
from the Putah Creek subsurface section 
along the Yolo-Solano County line, California. 
Selent. Rep. Tohoku Univ. , 36, pp. 161-237. 
Foraminifera from the Grayson formation of 
northern Texas. J. Paleontol., 14, pp. 93-
126, pis. 14-19. 
307h 
t i 
" I 
f [ 
I 
. , 
i i I 
I 
! 
, 
" 
i 
I 
TARR, W.A. 1925. Is Chalk a chemical deposit? Geol. Mag. , 
62, pp. 252-264. 
THALMANN, H. E. '942. The genus Globotruncana and its specIes. 
Am. Assoc. Pet. Geol., Ann. Conventron, 
27th Denver Program pp.51-52. 
TOLLMAN, A. 1960. 
TOULMIN, L. D. 1941. 
TRU~ILLO, E. F. 1960. 
TRUMPER, E. 1968. 
Die foraminiferen fauna des Oberconiac 
aus der Gosau des Ausseer Weissenbachtales 
in Steiermark. ~b. geol. Rundesanst. Wien., 
103, pp. 133-203, Pis. 6-21. 
Eocene smaller foraminifera from the 
Sal t Mountain limestone of Alabama. ~. 
Paleontol., 15, pp. 567-612. -
Upper Cretaceous foraminifera from near 
Redding, Shasta County, California. ~ 
Paleontol., 34, pp.290-346, 3 figs., Pis. 
43-50. 
Variatfonsstatistische Untersuchungen an 
der Foraminiferen - Gattung Stensrorna 
Srotzen. Geologie, 17 Sh., 59, pp. t 103, 
Pis. 1-17. 
UREY, H.C., LOWENSTAM,H.A., EPSTEIN, S, and MCKINNEY,C.R. 
1951. Measurement of palaeotemperatures 
and tempera tures of the Upper Cretaceous of 
England, Denmark and the southeastern United 
States. Bull. geol. Soc. Am. , 62, pp. 399-
416. 
VASILENKO, V. P. 1954. Anomalinidy. Iskopaemye foraminlfery 
S. S. S. R. TrudY vses. neft. nauchro-
issled. geol-razv. Inst., 80, pp. 1-282. 
________ , 1961. 
VOGLER, ~. 1941. 
WALSH, P. T. 1960. 
Foraminifery verkhnego mela poluostrova, 
Mangishlaka. TrudY vses. neft. nauchno-
issled. geol. -razv. Inst., 171, pp.I-487. 
Seitrage zur Geologie von Niederlandlsch -
Indien: Ober - ~ura und Kreide von Misol 
(Nlederlandlschen - Ostindlen). Palaeonto-
graphica, (suppl.) 4, 4, pp. 246-293. 
Cretaceous outl iers in south-west Ireland 
and their implications for Cretaceous 
palaeogeography. Q • ..J. geol. Soc. Lond. , 
1 22, pp. 63-84. 
WEDEKIND, P. R. 1940. Ole papillaten Flabellinen der Kreide und 
die Stufengl iederung des Senons, Neues 
~b. Miner. Geol. PalMont. Bell. Bd. 64, 
pp. 177-204. 
30e 
I, 
, ' 
I 
I 
WEIR, A. H. and CATT, '-'. A. 1965. The mineralogy of some Upper 
Chalk samples from the Arundel area, 
Sussex, Clay Miner., 6, pp; 97-109, 1 PI. 
WHITAKER, W. 1962. Geology of Berkshire and Hampshire. 
Mem Geol. Surv. U. K. 
1871 a. On the chalk of the cI iffs from Seaford 
to Eastbourne, Sussex. Geol. Mag., 8, 
pp. 198-200. 
______ , 1871 b. On the chalk of the southern part of 
Dorset and Devon. Q. '-'. geol. Soc. Lond., 
27, pp. 93-100. 
1871 c. On the occurrence of the Chalk Rock near 
Sal isbury. Geol. Mag., 9; pp. 427-428. 
WHITE, H. '-'. O. 1921. 
_______ , 1928. 
A short account of the geology of the 
Isle of Wight. Mem. Geol. Surv. U. K. 
The Geology of the country near Ramsgate 
and Dover. Mem. Geol. Surv. U. K. 
WILLIAMS-MITCHELL, 'E. 1948. The zonal value of foraminifera In 
the Chalk of England. Proc. Geol. Ass., 
59, pt. 2, pp.91-112. 
WITWICKA, E. 1958. 
WOLFE, M. '-'. 1965. 
WOODWARD, C. 1833. 
WRIGHT ,'-'. 1886. 
Stratygrafia mikropaleontologiczna Kredy 
gornej wiercenia w Chelmle. Biul Pan. inst. 
geol., 121, pt.3, pp. 177-232. 
Lithification of a carbonate mud: Senonian 
Chalk in Northern Ireland. Sedim,Geol. 
2, pp. 263-290. 
An outline of the geology of Norfolk. Mem. 
Geol. Surv. U. K. 
A list of the Cretaceous Foraminifera of 
Keady Hill, County Derry. Rep. Proc. 
Belf. Nat. Fld. Club., 2, pp.327-382, 
PI. 27. . 
3091 
< : 
31 
A-ATES 
PLATE 1 
Ammodiscacea, Lituolacea 
1. Ammodiscus cretaceus (Reuss). Assemblage zone E. 
South east Kent. x 35. 
2. Reophax sp. A. Assemblage zone C. Freshwater Bay 
Isle of Wight. x 75. 
3. Ammobaculites cf. rowel. Barnard and Banner. Assemblage 
zone A. S. E. Kent. x 45. 
4. Spiroplectammina anceps (Reuss). Assemb I age zone C. 
Newton-by-Castleacre"Norfolk. x 75. 
5. Splroplectammina anceps (Reuss). Assemblage zone C. 
Freshwater Bay, Isle of Wight. x 60. 
6. Bigenerina sp. A. Assemblage zone D. °Quidhampton 
Wi Itshire. x 75. 
7. Verneull ina mUnsteri (Reuss). Assemblage zone C. 
South east Kent. x 35. 
8. Verneuilina sp.A. Assemblage zone A. B. H. No. 25 
Thames Barrier Site Investigation. x 60. 
9. Gaudryina frankei Brotzen.Assemblage zone C. Quldhampton 
Wiltshire. x 60. 
10. Gaudrylna jonesiana Wright. Assemblage zone F. 
Kelveden, Essex. x 80. 
11. Trltaxla trlcarlnata (Reuss). - typical form. Assemblage 
zone A. B. H. No. 25 Thames Barrier Site Investigation. 
12. Trltaxla trlcarlnata (Reussl- elon~ate form. Assemblage 
zone D. B. H. Bo.25 Thames Barrier Site Investigation. 
. 
x 70. 
x 45. 
I 
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13. Arenobulimina courta (Marie). Assemblage zone B. 
Freshwater Bay, Isle of Wight. x 80. 
14. Arenobul imina cf. polonica Gawor - Biedowa. Assemblage 
zone B. B. H. 25 Thames Barrier Site Investigation. x 40. 
15. Arenobul imina obi igua (d'Orbigny) Assemblage zone B. 
South east Kent. x 45. 
16. Arenobul imina sp. A. Assemblage zone C. Freshwater Bay, 
Isle of Wight. x 80. 
PLATE 2 
Lituolacea, Nodosariacea. 
1. Dorothla pupa (Reuss). Assembl.age zone C. Quidhampton. 
Wi Itshire. x 80. 
2. Marssonella oxycona. (Reuss).· Assemblage zone A. B. H. 
No. 25 Thames Barrier Site Investigation. x 75. 
3. Eggerellina gibbosa var. globulosa Marie •. Apertural face 
• Assemblage zone F. Kelveden, Essex. x 80. 
4. Eggerell ina gibbosa var. globulosa Marie. Spiral view, 
Assemblage zone C. Quidhampton, Wiltshire. x 60. 
5. Eggerell ina gibbosa var. conica Mari e, Assemblage 
zone B. South east Kent. x 80. 
6. . Ataxophragmium variablle (d'Orblgny). Apertural face 
Assemblage zone A. B. H. 25 Thames Barrier Site Investigation • 
. x 55. 
7. Ataxophragmium variablle (d'Orbigny). Side view. 
Assemblage zone A. B. H. 25. Thames Barrier Site 
Investigation. x 50. 
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· 8. Nodosaria aspera Re'uss. Assemblage zone E.South 
east Kent. x 75. 
9. Nodosaria gracilitatis Cushman. Assemblage zone D. 
Culver CI iff, Isle of Wight. x 75. 
10. Nodosaria naumanni Reuss. Assemblage zone B. 
South east Kent. x 75. 
11. Nodosaria zippei Reuss. Assemblage zone B. 
South east Kent. x 20. 
12. Nodosaria sp. A Assemblage zone A, Beer, South 
east Devon. x 40. 
13. Nodosaria sp. B. 
x 70. 
Assemblage zone C. South east Kent. 
14. Nodosaria sp. c. Assemblage zone B. B. H. No. 25 
Thames Barrier Site Investigation. x 80. 
15. Citharina cf. strigillata (Reuss). Assemblage zone B. 
South east Kent. x 75. 
16. Cltharinella sp. A. Assemblage zone D. Ouidhampton 
Wiltshire. x 60. 
PLATE 3 
Nodosariacea. 
1 • Dentalina catenula Reuss. Assemblage zone C. 
Newton-by-Castleacre, Norfolk. x 80. 
2. Dentalina catenula Reuss. Assemblage zone D. 
South east Kent. x 70. 
3. Dentalina megalopolitana Reuss. Assemblage zone B. 
B. H. No. 25 Thames Barrier Site Investigation. x 25. 
4. Dentalina cf. moni Ie (vonHagenow). Assemblage zone F. 
Kelveden, Essex. x 195. 
5 •. Dental ina nana Reuss. Assemb lage zone C. 
South east Kent. x 40. 
6. Dentalina pseudofiliformls Brotzen. Assemblage zone B. 
South east Kent. x 35. 
7. Dentalina cf. wlmanl Brotzen. Assemblage zone F. 
Culver Cliff, Isle of Wight. x 80. 
8. Frondicularia angulosa d'Orb!gny. Assemblage zone D. 
Ou i dhampton, Wil tsh Ire. x 80. 
9. Frondicularia archlaclana d'Orbigny. Assemblage zone D. 
Ouidhampton, Wiltshire. x 60. 
10. Frondlcularla goldfussl Reuss. Assemblage zone C. 
South east Kent. x 40. 
11. Frondicularla Inversa Reuss. Assemblage zone D. 
Quidhampton, Wiltshire. x 30. 
12. Frondicularia schenkel Brotzen. Assemblage zone C. 
South east Kent. x 40. 
13. Frondicularia sp. A Assemblage zone A. B. H. No. 25 
Thames Barrier Site Investigation. x 30. 
14. Frondicularia sp. C Assemb I age zone B. Sou th eas t 
Kent. x 60. 
15. Frondicularia striatula Reuss. 
Burnham overy, Norfolk. x 40. 
PLATE 4 
Nodosariacea 
1. Lagena ell ipsoldalls Sct:twager. 
Freshwater Bay, Isle of Wight. 
Assemblage zone D. 
Assemblage zone C. 
x 75. 
I 
" 
I 
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. 2. Lagena hispida Reuss • Assemblage zone D. 
Helhoughton, Norfolk. x 75. 
3. Lagena isabella dlOrbigny. Assemblage zone A. 
Beer. South east Devon. 
4. Lentlcul ina ovalis Reuss. 
Bay, Isle of Wight. x 85. 
x 75. 
J 
Assemblage zone C.Freshwater 
5. Lenticulina rotulata (Lamark). Assemblage zone F. 
Culver Cliff, Isle of Wight. x 35. 
6. Lenticulina rotulata (Lamark). Assemblage zone D. 
South east Kent. x 40. 
7. Lenticulina rotulata (Lamark). Assemblage zone A. 
Beer, South east Devon. x 40. 
8. Lenticullna sp. A cf L. pseudonavicula (Marie). Assemblage 
zone D. Helhoughton, Norfolk. x 75. 
9. Lenticulina sp. B Assemblage zone C. Newton-by-
Castleacre, Norfolk. x 75. 
10. Marginulina bullata Reuss. Assemblage zone D. 
Quidhampton, Wiltshir~. x 80. 
11. Marginulina cf. compressa (dIOrblgny). Assemblage zone C. 
Newton-by-Castleacre, Norfolk. x 40. 
12. Marginulina sp. A. Assemblage zone F. Culver Cliff, 
Isle of Wight. x 15. 
13. Marginul ina sp. B. Assemblage zone D. Quidhamton, 
Wi I tshire. x 30. 
14. Neoflabeilina baudou inlana (dlOrbigny). Assemblage zone C. 
South east Kent. x eo. 
15. Neoflabell ina deltoidea (Wedekind).: Assemblage zone C. 
South east Kent •. x 80. 
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16. Neoflabell ina praerugosa Hil termann. Assemblage 
zone C. South east Kent. x 65. 
PLATE 5 
NodosarIacea, Bul iminacea 
1 • Planularia liebusi Brotzen. Assemblage zone B. 
South east Kent. x 75. 
2. Pseudonodosarla obesa (Loeblich and Tappan). Assemblage 
zone E. Ouidhampton, Wiltshire. x 75. 
3. Saracenarla triangularis (dIOrbigny). Assemblage zone C. 
Newton-by-Castleacre, Norfolk. x 30. 
4. Vaginul inopsis scalariformis Porthault. Assemblage 
zone C. South east Kent. x 40. 
5. Globulina lacrima Reuss. Assemblage zone A. Beer, 
South east Devon. x 80. 
. 
, 
6. Globulina prlsca Reuss. Assemblage zone E. Freshwater 
7. 
8. 
9. 
Bay, Isle of Wight. x 60. 
Guttul ina trigonula (Reuss). 
South east Kent. x 80. 
Ramu Ii na acu I ea ta (d 'Orb i gny). 
Newton-by-Castleacre, Norfolk. 
Ramulina aculeata (dIOrbigny). 
South east Kent. x 80. 
Assemblage zone A. 
Assemblage zone C. 
x 75. 
Assemblage zone B. 
10. Ramulina aculeata (d'Orbigny). Assemblage zone C. 
South east Kent. 
11. Ramulina sp.A. 
x 120. 
x 45. 
Assemblage zone B. South east Kent. 
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1.2. Praebulimina reussi (Morrow). Assemblage zone D. 
South east Kent. x 60. 
13. Praebul imina reussi (Morrow). Assemblage zone C. 
Newton-by-Castleacre, Norfolk. x 60. 
14. Praebulimina obtusa (Reuss). Assemblage zone D •. 
Quidhampton, Wiltshire. x 75. 
15. Praebul imina parva (Franke). Assemblage zone D. 
Quidhampton, Wiltshire. x 200. 
PLATE 6 
Sui iminacea, Discorbacea, Globigerinacea 
1 • Pyramidina cf. bul iminoides (Brotzen). Assemblage 
zone F. Kelveden, Essex. x 175. 
2. Eouvigerina aculeata (Ehrenberg). Assemblage zone A. 
South east Kent. x 205. 
3. Eouvigerina aculeata (Ehrenberg). Assemblage zone C~ 
Newton-by-Castleacre, Norfolk. x 160. 
4. Eouvigerina stormi Brotzen. Assemblage zone C. 
B. H. No. 25. Thames Barrier Site Investigation~ x 185. 
5. Eouvigerina sp. C. Assemblage zone D. South east 
6. 
7. 
Kent. x 160. 
Reussella kelleri 
South east Kent. 
Reussella kelleri 
Vasilenko. 
x 80. 
Vasllenko. 
Newton-by-Castleacre, Norfolk. 
Assemblage zone B. 
Assemblage zone C. 
x 60. 
8. Enlargement of perforate chamber wall, Reussella kellerl 
(fig. 7). xl, 200. 
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9." Reussella szajnochae (Grzybowski) praecursor 
Klasz and Knipscheer. Assemblage zone F. Kelveden, 
Essex. x 65. 
10. Valvulineria lenticula (Reuss).Spiral view. Assemblage 
zone A. South east Kent. x 80. 
11. Valvulineria lenticula (Reuss). Umbilical view. Assemblage 
zone B. South east Kent. x 80. 
12. Heterohel ix globulosa (Ehrenberg). Assemblage zone C. 
Newton-by-Castleacre, Norfolk. x 265. 
13. Striate ornament on chamber wall of Heterohel ix globulosa 
(fig. 12). x 1 ,000. 
14. Heterohellx reussi (Cushman). Assemblage zone D. 
Quldhampton, Wi I tshire. x 120. 
15. Heterohel ix reussi (Cushman). Assemblage zone C. 
Freshwater Bay, Isle of Wight. x 120. 
PLATE 7 
Globigerlnacea 
1. Globigerlnelloides asperus (Ehr'enberg). Assemblage zone D. 
Helhoughton, Norfolk. x 150. 
2. Globlgerlnelloides ehrenbergi (Barr). Assemblage zone E. 
South east Kent. x 180. 
3. Globlgerinelloldes rowel (Barr). Assemblage zone F. 
Wi ~ham, . Essex., x 150.' 
4. HedberQella brlttonensls Loebllch and Tappan.Spiral view. 
Assemblage zone B. South east Kent. x eo. 
5. Hedbergella brlttonensis Loeblich and Tappan. Side view. 
, Assemblage zone B., South east Kent. x 80. 

6. Hedbergella planispira (Tappan). Assemblage zone A. 
South east Kent. x 115. 
7. Globotruncana cf angustricaninata (GandolfO. Umbi lical 
view. Assemblage zone B. B. H. No.25. Thames Barrier 
Site Investigation. x 50. 
8. Globotruncana cf angusticarinata (Gandolfi). Spiral view. 
Assemblage zone B. B. H. No.25. Thames Barrier Site 
Investiga tion. x 60. 
9. Globotruncana bulloides Vogler. Spiral view. Assemblage 
zone B. South east Kent. x 80. 
10. Globotruncana bulloides Vogler. Umbilical view. 
Assemblage zone B. South east Kent. x 80. 
11. Globotruncana bulloides Vogler. Side view. Assemblage 
zone C. Newton-by-Castleacre, Norfolk. x 60. 
12. Globotruncana canaliculata (Reuss). Side view. Assemblage 
zone D. Helhoughton, Norfolk. x 55. 
13. Globotruncana canal iculata (Reuss). Spiral view. Assemblage 
zone C. Freshwater Bay, Isle of Wight. x 75. 
14. Globotruncana canaliculata (Reuss). Umbilical view. 
Assemblage zone F. Witham, Essex. x 65. 
15. Enlargement of umbilical area with tegilla, G. canaliculata 
(fig. 14). 
PLATE 8 
Globigerinacea 
1 • Globotruncana concavata Brotzen. Spiral side. Assemblage 
zone F. Kelveden, Essex. x 75. 
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2. Globotruncana concavata Brotzen. Umbilical side. Assemblage 
zone F. Kelveden, Essex. x 75. 
3. Globotruncana concavata Brotzen. Side view. Assemblage 
zone D. Ouidhampton, Wiltshire. x 85. 
4. Globotruncana linneiana (d'Orbigny). Side view. Assemblage 
zone F. Kelveden, Essex. x 65. 
5. Globotruncana linneiana (d'Orbigny). Spiral view. 
6. 
Assemblage zone D. Newt0n-by-Castleacre, Norfolk. 
Globotruncana linneiana (d'Orbigny). Umbilical view. 
Assemblage zone F. Kelveden, Essex. x 60. 
7. Globotruncana marginata (Reuss). Umbilical view. 
X 60. 
Assemblage zone. D. Newton-by-Castleacre, Norfolk. x 60. 
8. Globotruncana marginata (Reuss). Spiral view. Assemblage 
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zone E. B. H. No. 19. Thames Barrier Site Investigation. x 60. 
9. Globotruncana marginata (Reuss). Side view. Assemblage 
zone D. South east Kent. x 60. 
10. Globotruncana primitiva Dalbiez. Umbil ieal view. Assemblage 
zone B. B. H. No.25. Thames Barrier'Site Investigation. x 60. 
11. Globotruncana primitiva Dalbiez. Spiral view. Assemblage 
zone a B. H. Bo.25. Thames Barrier Site Investigation. x ,55. 
12. Globotruncana primltiva Dalbiez. Side view. Assemblage zone 
B. B. H. Bo.25. Thames Barrier Site Investigation. x 60. 
13. Globotruncana primltlva , Dalbiez. Side view with aperture. 
Assemblage zone D. Ouidhampton, Wiltshire. x 65. 
14. Globotruncana pseudolinneiana (Pessagno). Spiral view. 
Assemblage zone B •. South east Kent. x 60. 
15. Globotruncana pseudolinneiana (Pessagno). Umbl,lTeal view. 
Assemblage zone A. B. H. No.25. Thames Site Investigation. 
x 55. 
16. Globotruncana pseudolinneiana (Pessagno). Side view. Assemblage 
zone A. B. H. No.25. Thames Barrier Site Investigation. x 60. 

17. Globotruncana renzi (Gandolfi). Spiral view. 
Assemblage zone. D. Ouidhampton, Wiltshire. x 70. 
10. Globotruncana renzi (Gandolfi). Umbilical view. 
Assemblage zone D. , Ouidhampton, Wi I tshire. x 70. 
PLATE 9. 
Thin Sections. (G I ob i ger inacea). 
1. Globotruncana c. f. angusticarinata (Gandolfi). Assemblage 
zone A. Beer South east Devon. (x 130). Specimen 
within a biomicritic chalk, rich in calcispheres (?Oligostegina) 
and fragments of Hedbergella - type planktonic foraminifera. 
2. Globotruncana renzi (Gandolfi). Assemblage zone A. 
Beer, South east Devon. (x 130). Clear development 
of two keels in juvenile stages, reduced to one keel In the 
final chamber. 
PLATE 10. 
Globigerinacea, Orbitoidacea. 
1 • Whiteinella baltica Douglas and Rankin. Umbilical view. 
. Assemblage zone A. South east Kent. x 125 • 
2. Whiteinella baltica' Douglas and Rankin. Spiral view. 
Assemblage zone B. South east Kent. 
i 
X 80~ 
3. Whiteinella bal tica Douglas and Rankin. Umbilical view •. 
" 
Topotype. Bavnodde greensand Bornholm, Denmark. x 55. 
4. Whiteinella baltica Douglas and Rankin. Spiral view. 
Topotype. Bavnodde greensand,' Bornholm, Denmark. x 55. 
5. Archeoglobigerina bosguensis Pessagno. Side view. 
Asse'mblage zone B. South east Kent. x 60. 
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6. Archeoglobigerina bosguensis Pessagno. 
Assemblage zone B. South east Kent. 
Umbilical view. 
x 85. 
7. Eponides cf. concinna Brotzen. Spiral view. Assemblage 
zone E. Freshwa ter Bay, Is I e of Wi gh t. x 80. 
8. Eponides cf. concinna Brotzen. Umbilical view. Assemblage 
zone E. Freshwater Bay, Isle of Wight. x 80. 
9. Cibicides beaumontianus. (dIOrbigny). Sporal view. Assemblage 
zone F. Culver Cliff, Isle of Wight. x 85. 
10. Cibicides beaumontianus (dlOrblgny). Umbi fical view. 
Assemblage zone F. Culver Cliff, Isle of Wight. x 75. 
11. Cibicides beaumontianus (d'Orbigny). Side view. 
Assemblage zone F. Culver Cliff, Isle of Wight. x 90. 
12. Cibicides beaumontianus (dIOrbigny). var. A. Spiral view. 
Assemblage zone E. South east Kent. x 85. 
13. Cibicides beaumontianus (d'Orbigny). var. A. Umbilical view. 
Assemblage zone E. South east Kent. x 85. 
PLATE 11. 
Orbitoidacea, Cassidulinacea. 
1. Cibicides ribbingi Brotzen. Umbilical view. 
Assemblage zone E. South east Kent. x eo. 
2. Clbicides ribblngi. Brotzen.· Spiral view. 
Assemblage zone E. South east Kent. x 80. 
3. Cibicldes ribbingl Brotzen. Side view. Assemblage 
zone E. South east Kent. x 80. 
4. Ciblcldes sp. A. Umbilical view. Assemblage zone D. 
Freshwater Bay, Isle of Wight. x 175. 
I 
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5. Cibicides sp. A. Spiral view. Assemblage zone D. 
Freshwater Bay, Isle of Wight. x 175. 
6. Pleurostomella subnodosus Reuss. Side view. 
Assemblage zone C. Newton-by-Castleacre, Norfolk. x 40. 
7. Pleurostomella subnodosus Reuss. Apertural view. 
Assemblage zone C. Newton-by-Castleaere, Norfolk. x 40. 
8. Ell ipsoidella pi eurostomelloides Heron-Allen and Earland, 
Assemblage zone D. Quidhampton, Wiltshire. x 60. 
9. Enlargement of aperture in E. pleurostomelloides. 
(Fig. 8). x 300. 
10. Cassidella sp. A. Assemblage zone F. Culver Cliff, 
Isle of Wight. x 180. 
11. Loxostomum eleyi (Cushman). Assemblage zone C. B. H. No. 25. 
Thames Barrier Site Investigation. x 180. 
12. Loxostomum eleyi (Cushman). Side view. Assemblage zone C. 
B. H. No. 25. Thames Barrier Site Investigation. x 80. 
13. Quadrimorphina allomorphinoides (Reuss). Spiral view. 
Assemblage zone A. B. H. No.25. Thames Barrier Site 
Investigation. x 75. 
14. Quadrimorphina allomorphinoides (Reuss). Umbil ieal view. 
Assemblage zone A. Sout" east Kent. x 75. 
15. Quadrimorphina trochoides (Reuss). Umbi Ileal view. 
Assemblage zone E. Quidhampton, Wiltshire. x 75. 
16. Quadrimorphlna trochoides (Reuss). Side view. Assemblage 
zone E. Quidhampton, Wiltshire. x 65. 

PLATE 12. 
Cassidul inacea. 
1 • Osangularia whitei var. whitei (Brotzen). Umbilical 
view. -Assemblage zone C. South east Kent. x 80. 
2. Osangularia whitei var. whitei (Brotzen). Spiral 
3. 
view. Assemblage zone D. Freshwater Bay, Isle of Wight. 
x 80. 
Osangularia whitei 
Assemblage zone C. 
var. whitei (Brotzen). 
South east Kent. 
Side view. 
x 80. 
4. Globorotalites cushmani Goel. Side view. Assemblage 
zone A. South east Kent. x 90. 
5. Globorotalites cushmani Goel. Umbilical view. Assemblage 
zone C. Freshwater Bay, Isle of Wight. x 70. 
6. Gyroidinoides nitidus (Reuss). Side view. Assemblage 
zone C. B. H. No. 25. Thames Barrier Site Investigation 
x 85. 
7 .. Gyroidinoides nitidus (Reuss). Spiral view. Assemblage 
zone A. Beer, South east Devon. x 75. 
8. Gyroidinoides nitidus (Reuss). Umbilical view. Assemblage 
zone C. B. H. No.25. Thames Barrier Site Investigation. 
x 80. 
9. Gavelinella ammonoides (Reuss). Spiral view. 
Assemblage zone B. South east Kent. x 80. 
10. Gavelinella ammonoides (Reuss)." Umbilical view. 
Assemblage zone B. South east Kent. x eo. 
11. Gavelinella ammonoides (Reuss). Side view. 
Assemblage zone C. South east Kent. x 75. 
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12. Gavel inella cf. clementiana (dlOrbigny). Side view. 
Assemblage zone F. Culver Cliff, Isle of Wight. x 75. 
13. Gavel inella cf. clementiana (dlOrbigny). Spiral view. 
Assemblage zone F. Culver Cliff, Isle of Wight. x 65. 
14. Gavel inella cf. clementiana (dlOrbigny). Umbilical view. 
Assemblage zone F. Culver Cliff, Isle of Wight. x 75. 
PLATE 13. 
Cassidul inacea. 
1. Gavel inella pertusa (Marsson). Umbil lcal view. 
Assemblage zone A. B. H. No.25. Thames Barrier Site 
Investigation. x 95. 
2. Gavel inella pertusa (Marsson). Spiral view. Assemblage 
zone B. South east Kent. x 60. 
3. Gavel inella thalmanni (Brotzen). Umbil lcal view. 
Assemblage zone C. Newton-by-Castleacre, Norfolk. x 80. 
4. Gavelinella thalmanni (Brotzen). Spiral view. Assemblage 
zone B. South east Kent. x 80. 
5. Gavel inella thalmanni (Brotzen). Side view. Assemblage 
zone D. Culver Cliff, Isle of Wight. x 80. 
6. Gavel inella sp. A. Spiral view. Assemblage zone F. 
Culver Cliff, Isle of Wight. x 90~ 
7. Gavelinella sp. A. Umbilical view. Assemblage zone F. 
Culver Cl iff, Isle of Wight. x 90. 
8. Gavel inella tumida Brotzen. Umbi I ical view. Assemblage 
zone E. South east Kent. x 80. 
9. Gavel inella tumida Brotzen. Side view. Assemblage zone D. 
B. H. No.2S. Thames Barrier Site Investigation. x 80. 

10. Gavelinella sp. B. Side view. Assemblage zone A. 
South east Kent. x eo. 
11. Gavel inella sp. B. 
South east Kent; 
Spiral view. Assemblage zone A. 
x eo. 
12. Gavelinella sp. B. Umbilical view. Assemblage zone A. 
South east Kent. x 80. 
13. Gavel inella sp. C. Umbi I ical view. Assemblage zone A. 
Beer, South east Devon. x 75. 
14. Gavel inella sp. C. Spiral view. Assemblage zone A. 
Beer, South east Devon. x 75. 
15. Gavel inella sp. C. Side view. Assemblage zone A. 
Beer, South ~ast Devon. x 75. 
PLATE 14. 
Cassidul inacea. 
1. Lingulogavelinella sp. A. Umbilical view. Assemblage 
zone D. B. H. No.25. Thames Barrier Site Investigation. 
x eo. 
2. Lingulogavel inella sp. A. Spiral view. Assemblage zone C. 
B. H. No.25. Thames Barrier Site Investigation. x 65. 
3. Lingulogavelinella sp. A. Side view. Assemblage zone D. 
B. H. No. 25. Thames Barrier Site Investigation. x 80. 
4. Stensioina exsculpta exsculpta (Reuss). Umbilical view. 
Assemblage zone E. South east Kent. x 80. 
5. Stensioina exsculpta exsculpta (Reuss). Side view. 
Assemblage zone D. Ouidhampton, Wiltshire. x 80. 
6. Stensioina exsculpta exsculpta (Reuss). Spiral view. 
Assemblage zone D. Ouidhampton, Wiltshire. x 80. 
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7. Stensioina exsculpta graci I is Brotzen. Umbilical view. 
Assemblage zone F. Witham, Essex. x 60. 
8. Stensioina exsculpta graci I is Brotzen. Side view. 
Assemblage zone F. Witham, Essex. x 65. 
9. Stensioina 51ranulata (Olbertz). Spiral view. Assemblage 
zone B. South east Kent. x 75. 
10. Stensioina 51ranulata (Olbertz). Umbi lieal view. 
Assemblage zone B. South east Kent. x 80. 
11. Stensiolna 51ranulata (Olbertz). Side view. Assemblage 
zone B. South east Kent. x 80. 
12. Stensioina 51ranulata (Olbertz). Spiral view. Assemblage 
zone C. South east Kent. x 80. 
13. Stensioina 51ranulata (Olbertz) var. A. Side view • 
. 
Assemblage zone D. Quidhampton, Wiltshire. x 80. 
14. Stensiolna 51ranulata (Olbertz) var. A. Spiral view. 
Assemblage zone D. Quidhampton, Wiltshire. x 80. 
15. Stensioina 51ranulata (Olbertz) var. A. Umbi I leal view. 
Assemblage zone D. Quidhampton, Wiltshire. x 80. 
16. Stensioina sp. A. Spiral view. Assemblage zone A. 
South east Kent. x 75. 
17. Stensioina sp. A. Side view. Assemblage zone A. South 
. . 
east Kent. x 70. 
18. Stensioina sp. A. Umbi Ileal view. Assemblage zone A 
South east Kent. x 60. 
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A PRELIMINARY MICROFAUNAL INVESTIGATION OF 
THE LOWER SENONIAN AT BEER, SOUTH-EAST DEVON 
by H. W. Bailey 
Abstract. The position of the Turonian - Senonian stage boundary at 
Beer is discussed in the light of recent work carried out on the microfaunal 
assemblage and its correlation with the macrofauna. Changes in the 
Globigerinacea are used as indicators in the recognition of this boundary. 
1. Introduction 
Previous workers on the microfauna of the Upper Cretaceous 
succession at Beer have examined almost all the exposed chalk 
strata. The Albian and Cenomanian stages have been studied by 
Hart (1970,1971,1973) and the Turonian stage by Owen (1970). 
Owen, however. did not examine the junction between the 
Turonian stage and the Coniacian sub-stage which, if Rowes' (1903) 
macrofossil zones are used, corresponds to the Holaster planus -
Micraster cortestudinarium zonal boundary. Rowe used a 
lithological correlation from the Pinhay Bay section to establish the 
macrofaunal boundary in the cliff exposure at Beer, known locally 
as Annis' Knob (SY 232892). Jukes-Browne and Hill (1904), in some 
disagreement with Rowe, placed the top of the Holaster planus Zone 
approximately 4 metres lower at the base of a prominent, black, 
tabular flint, 0.13 mHres thick. This flint is found approximately 5 
metres above the base of the section. 
The usefulness of this lithological boundary in the field has been 
proven by a preliminary investigation of the macrofauna. The 
brachiopod Orbirhynchia cuvieri (d'Orbigny) is found in some 
abundance at a level 1.4 metres below the tabular flint, which 
suggests a Turonian age for this horizon. A Coniacian age has been 
attributed to the beds above the flint because of the abundance of 
Micraster cortestudinarium (Goldfuss) two to three metres above the 
boundary. An examination of the microfauna from this section has 
been made to see if there is any correlation with the macrofaunal 
succession. 
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Samples were taken initially at one metre intervals; later it was 
found that a more detailed examination of the chalk immediately 
above the flint was required. The sampling interval was therefore 
reduced to 0.25 metres over this part of the section. The study is 
based on total counts of the foraminiferal assemblage found in the 
30-60 (0.50-0.25mm) grain size fraction, as it is within this size 
range that the majority of the mature, adult individuals are con-
tained. Other size fractions have been studied but not counted. 
2. Lithological succession 
The Annis' Knob section is approximately 11 metres thick , although 
a further 6 metres can be added by a second cliff section , separated 
from the first by a belt of brecciated chalk which probably 
represents a minor fault. The displacement along this fault is 
difficult to determine , but it probably throws down a few metres 
towards the east. It is hoped that the microfauna taken from the 
second section will give some indication of its stratigraphical 
position. 
The whole of the exposure has a rubbly, nodular appearance on 
the exposed, weathered cliff face , but minor variations allow a 
division into three distinct lithological units: 
(i) Below the tabular flint the grey/ white chalk shows a relatively 
high clay content in the form of abundant diagenetic solution seams. 
This reaches an extreme at the base of the section where clean 
surfaces have the appearance of white chalk nodules within a matrix 
of dark grey marl. Grains of phosphatic material, including 
microcoprolites, are common in this unit , as are discrete grains of 
glauconite which are occasionally in the form of indeterminate 
foraminiferal chamber infillings. Unfortunately it is not clear 
whether the glauconite grains were formed in situ OF derived from a 
source (such as the Lower Chalk) in which glauconite is extremely 
abundant. Scattered flints occur throughout this unit, the base of 
which is marked by a nodular flint band. 
(ii) Immediately above the 0.13 metre tabular flint there is a 
pale cream £lintless horizon , rich in marl solution seams. This forms 
a distinctive base to the second unit which continues to the top of the 
cliff as a very nodular chalk characterized by the presence of hard , 
yellOW/ brown phosphatic horizons. These range in thickness from 
0.10 to 0.40 metres and are extremely nodular. As the rock is too 
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hard to crush, many of the samples taken from the upper part of the 
cliff were thin-sectioned. Assemblage counts cannot be made on 
material prepared in this way, so that these samples were used for 
identification purposes only. Numerous M. cortestudinarium occur 
within these phosphatic bands. Scattered flints and microcoprolites 
are again present but glauconite is absent from samples taken over 
1.4 metres above the tabular flint . 
(iii) The section to the east of the fault provides the third 
lithological unit. The base is marked by a phosphatic horizon, but 
between this and the top of the section, which shows a pale yellow 
colouration (possibly due to phosphate content), the chalk has a 
smooth texture and lacks the nodular character of the cliff. Large, 
scattered nodular flints are present throughout the unit, but 
banding becomes apparent towards the top. 
3. Microfaunal succession 
The benthonic foraminifera of the superfamilies Lituolacea, 
Nodosariacea and Cassidulacea are by far the most dominant part of 
the microfauna, often totalling over 95% of the assemblage. Whilst 
these groups show minor variations which could be interpreted as 
being of stratigraphic significance locally, it is the planktonic 
foraminifera which provide the major changes that may be used for 
wider correlation. 
The planktonic population (Fig. 1) has been divided into four 
types. Those with simple round inflated chambers and an umbilical 
aperture have been identified as Whiteinella sp. The others are 
referred to Globotruncana bulloides Vogler, Glohotruncana pseudo-
linneiana (Pessagno) and Globotruncana sp., which appears to be 
an intermediate morphological form between the other two species. 
Owen (1970) uses G. pseudolinneiana as the index species of the 
highest planktonic foraminiferal subzone of the Turonian. The 
results shown on the graph (Fig. 1) appear to confirm this (as in the 
lowest lithological unit, G. pseudolinneiana is the most abundant 
representative of the genus). The most important feature is the 
FIGURE 1. Lithological section of Annis' Knob, Beer. and graph to show 
planktonic foraminiferal count expressed as a percentage of the total 
foraminiferal assemblage. (M. eorlest. - Micraster cortestudinarium , 
O. cuvieri - Orbirhynchia cuvieri.) 
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distinct change in planktonic foraminiferal fauna which occurs 1 
metre above the tabular flint. At this point in the section, not only is 
there a marked increase in the total number of planktonic 
foraminifera, but G. pseudolinneiana is replaced by the inflated 
form G. bulloides. This change is believed to mark the base of the 
Coniacian sub-stage, and thus the Senonian stage in this area. 
The Coniacian age is confirmed 3 metres higher by the presence of 
Globotruncana renzi Gandolfi, which is used as the zonal indicator 
for the sub-stage in more southerly regions such as Trinidad (Bolli 
1957) and the Western Gulf Coastal Plain of the U.S.A. (Pessagno 
1967), and which is considered to be a Tethyan form (Douglas and 
Rankin 1969). 
The planktonic forms G. bulloides and Whiteinella sp. continue 
in large numbers in those samples which have been thin-sectioned, 
and it is only at the top of the third lithological unit that a further 
faunal change is apparent. This is recorded as a total disappearance 
of the planktonic fauna with a corresponding increase in the 
Cassidulacea. 
Further examination of this part of the cliff is required to give 
additional information on this change. The section can only be 
extended by two to three metres at most, as the chalk above this has 
been removed. At present, therefore, the exact stratigraphic position 
of the third lithological unit remains uncertain. 
In addition to the foraminiferal assemblage the following 
Ostracoda have been identified from the section, with reference to 
Kaye (1964): Cytherella ovata Roemer, Cytherella parallela (Reuss), 
Bairdia subdeltoidea (Munster), Macrocypris sp., Neocythere 
(Physocythere) virginea (Jones), Monoceratina .p. d. umbonata 
(Williamson), "Veenia harrisiana (Jones), Trachylebridea acutiloba 
(Marsson), Cythereis sp. d. lurmannae Triebel, Cythereis sp. d. 
ornatissima (Reuss), Cytherelloidea hindei Kaye and Cytherelloidea 
oblinquirugata (Jones and Hinde). 
C. ovata and C. parallela have a distribution throughout the 
whole section. The others, apart from Macrocypris sp., appear as 
scattered individual specimens at various levels. Macrocypris sp. has 
been separated off as it appears to be common only in the second 
cliff section. 
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